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PREFACE TO THE TENTH EDITION 


The chapters have once again been revised and made up to date: 
*..this includes some current views regarding constitutions AT rea EE 
mechanisms. Increasingly greater stress has been laid on the EERE 
theory of valency to explain experimental observations. New m TOniC 
have been incorporated here and there and a chapter on RR 
added to cover the new three-year degree course syllabuses of as হে 
Indian universities as were available at the time of going to the oa 
As in the past, the author remains deeply indebted to the UE নদ 
the students alike for their kind appreciation of and sincere su an 
for the book. His grateful thanks are due to Dr. 5S. S. SEE PEE 
Medical College, Pondicherry, Dr. S. P. Roychoudhury, LA.RI যে, 
Delhi, Dr. G. S. Saharia, Delhi University and Mrs. A. ES: 2) ew 
for Women, Trivandrum for their valuable suggestions towards হি 
improvement. The author is also obliged to Mr. J. G. Walton CEE 
for his kind assistance. ld a, 


Calcutta, ্ি gs 
February, 1960. . B. SARKAR 


PREFACE TO THE NINTH EDITION 


Except some minor additions and alterations here and there, the 
present edition is practically a reprint of the last edition. Advantage 
has been taken, as before, to make the text up to date. In spite of 
best efforts, a few misprints have possibly escaped notice. I reeret for 
this and crave the indulgence of my readers. I owe a debt of gratitude 
for some valuable suggestions to Profs. K. Krishna Rao, M.Sc., Scott 
Christian College, Nagercoil, I. D. Ojha, M.Sc., L. T., Meerut College 
Meerut, N. K. Basu, M.Sc., B. N. College, Patna, and Mr. M. Abu 


Hena, Belfast. 


Calcutta, P. B. SARKAR 
May, 1957. 


PREFACE TO THE EIGHTH EDITION 


The chapter on atomic structure and electronic theory of valency 
has been re-written to make it more comprehensible. A new Hates 
on the mechanism of organic reactions has been introduced. Attempts 
have been made to explain the more important facts of CEES 
chemistry in terms of the electronic theory. This will help the 
students to grasp more clearly the fundamental principles of modern 
organic chemistry. The current syllabuses of some Universities have also 
been covered. It is not, however, claimed that this little volume 
contains everything, no text-book possibly can. 

The task of revision has been somewhat easier for the valuable 
suggestions received from many friends; the author's grateful RE 
are due to them all. Hels particularly indebted to Dr. M. M. Bokadia 
B. R. College, Agra, Dr. P. K. De, Principal, State ALUN 
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College, Calcutta Prof. N. Chakravarthi, Madura Coll 
j Ls . N. Chakrav: , Madurd ege, Prof. N. R. 
Aggrawal, D. M. College, Moga, Prof. N. L. Jain, D: Jain College, 


T'. S. Ramabhadran, Government Victorian College, Palghat. 

Calcutta, < 
May, 1955. P. B. SARKAR 

PREFACE TO THE SEV ENTH EDITION 

Changes, based on suggestions so kindly given by professors, have 
been made, keeping the volume constant. If the book has proved useful 
to the students, it is largely due to this hearty co-operation, offered 
ungrudingly, during the last 12 years. Words are inadequate to CXpress 
Fl gratitude. I fervently hope that friends will kindly continue the 
avour in future. { 

I am particularly indebted to Prof. P. B. Panicker, Pachaiyappa’s 
College, Madras, Prof. A. K. Ghose, 5t. Xavier's College, Ranchi, 
Prof. P. N. Langer, M. B. College, Udaipur, Prof. S. N. Paul, St. Anthony's 
College, Shillong, Dr. K. J. Kuriyan, S. N. College, Quilon, Prof. G. D 
Advani, B. V. B. College, Andheri, Prof. K. M~ Lahiri, St. Columbas 
College, Hazaribag, Prof. N. K. Basu and Prof. J.C: Banerji, B. N. 
College, Patna, Prof. S. L. Sareen, N. R. E. 5. College, Khurja, Prof. 
N. C. Deb, M. B. B. College, Agartala, and Prof. N. P. Mookherjea, 
Dungar College, Bikaner. | 


Calcutta, 
May, 1959. P. B. SARKAR 
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PREFACE TO THE SECOND EDITION 
much new matter has been added. 


‘The latter includes a short account of the electronic theory 0 SE 
resonance Structure, optical activity of organic compounds A 
asymmetric carbon atom, the Fischer-Tropsch process, etc. টা 3 বর 
on amino-acids has been enlarged and that on proteins re-writte 


as to be more informative. 
I am very much obliged To 
in thei sciation of the 900 C 0 
to tend in ET iso for offering ain), 3 suggestion, I am dn), 
|" crishnan (T LCE! 
MEE 8 Seren re Shab (Kolbapur), Me. >i Roy (Rangpur), 
ME Ni. 0. Doja (Pata), Dry Kuriyan (Annamalainaga" D patna) 
Sircar (Calcutta), Principal H. Krall (Agra) Mr Ea Re LC 
Father J. Van Neste (Calcutta), Mr. Ram iE Ae Re Rr 2 
Roy (Calcutta, Mr. H. L. Robatg! (CEP ate Ne is 
(Raijshabi), Mr. 5. Ramchandran (Rajamunc kD) i i 
Mukherjee (Jaipu)- 
Calcutta, 
May, 1943. 


The work has been revised and 


who have been kind enough 
For pointing out some errors 


P. B. SARKAR 
UL 


ae ttl 
os” লা. 3 


Baraut, Prof. B. N. Puruthi, G. M. N. College, Ambala Cantt., Prof. 
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INTRODUCTION ts 


Historical survey.—Substances like oils, fats, sugar, starch, gums, 
resins, vinegar, spirit, etc., were well known to the ancient people ; 
they were also acquainted with the process of making soaps irom 
oils and fats, and the art of dyeing fabrics with indigo, madder root 
or Tyrian purple. All these were obtained directly or indirectly from 
plants or animals which were believed to possess ‘organised siructure'. 
In order to distinguish them irom substances of mineral Origin, or 
those derived from non-living sources, they were called organic. 
More than 2,000 years ago, the Hindus recognised organic com- 
pounds as distinct from inorganic, and classified the former under 
two heads, viz., (i) vegetable substances, e.g., molasses, fermented 
liquors, fruit acids, saps, juices of plants, etc, and (ii) animal 
substances such as milk, honey, fat, bile, etc. In the pre-Buddhistic 
era, Charaka even distinguished between animal and vegetable oils 
(Hindu Chemistry by P. C. Ray, Vol. I). ©. W. Scheele (1742-86), 
a Swedish apothecary, isolated several acids, e.g., oxalic, malic, citric, 
tartaric, gallic acids, etc. from plants. In 1747 Marggraf discovered 
beet-sugar and showed that it was the same as cane-sugar known long 
ago. In 1782 Boerhave reported urea in urine. The great French 
savant, A. L. Lavoisier (1743-94), accurately analysed a large number 
of organic substances and showed in 1784 that all of them contained 
carbon and sometimes nitrogen, besides hydrogen and oxygen. In 
view of the complex nature of organic compounds and their occurrence 
in the living world, it was widely believed that they were produced under 
the influence of some mysterious force, called ‘vital force’ (Latin vita 
life), inherent in living organisms. To prepare them artificially in the 
laboratory was considered impossible. This view was supported by 
the fact that whereas an inorganic compound such as sodium chloride 
could be obtained directly from the elements, an organic substance, e.g, 
ethyl alcohol, C,H,O, could not be formed by combining the three 
elements. J. Berzelius (1779-1848), a leading Swedish chemist, tena- 
ciously upheld this theory of vital force. 

In 1828 F. Wohler (1800-82), a German pupil of Berzelius, acci- 
dentally obtained urea, a typical product of animal metabolism, by 
evaporating an aqueous solution of ammonium cyanate, an inorganic 
salt (but both ammonia and cyanic acid, from Which he prepared 
ammonium cyanate, were then obtained from animal source): 


NH,OCN _> CO(NH.), 
Ammonium cyanate Urea 


Woéhler wrote to Berzelius, “I must tell you that I can make uren 
without the need of kidneys or of any animal whatever.” This gave a 
rude shock to the vital force theory which received a death blow TE 
H. Kolbe who synthesised, i.e., made artificially, acetic acid from its 
elements in 1844. Many other syntheses that followed (Berthelot 
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synthesised methane in 1856) made the vital force theory absolutely 
untenable. It was recognised beyond all doubt that the same chemical 
forces operated in the organic and inorganic worlds—the same laws otf 
combination governed the formation of both types of compounds. That 
there exists no sharp line of demarcation between organic and inorganic 
chemistry was conclusively proved and universally accepted. 

During the first half of the nineteenth century, organic chemistry 
was in its infancy, being mainly a chemistry of analysis. With the 
accumulation of a large number of compounds, schemes of classification 
were adopted, which eventually led to theories of molecular structure 
later on. In the sixties of the nineteenth century, a great impetus was 
given to organic chemists by Kekulé’s theory on the structure of 
organic compounds. As a result, organic chemistry reached the 
synthetic stage during the second half of the last century. Since then 
the development of the science has been rapid, continuous and almost 
phenomenal. 

Organic chemistry is essentially the chemistry of compounds of 
carbon.” The distinction between the two branches of chemistry— 
organic and inorganic—though arbitrary, is still retained for the sake 
of convenience. One whole branch of chemistry has been allotted to 
a single element carbon, out of ninety-cight known elements in the 
Periodic Table, for several grounds viz., (0) The total number of organic 
compounds so far discovered and synthesised is already vast—about 10 
lacs—whereas compounds of all the other elements come to about 
T5 thousand. (ii) Organic compounds are related to one another in a 
striking manner and possess certain characteristic properties not 
generally found in the organic group. For example, all alcohols 
Behave more or less similarly; at high temperature all organic com- 
ounds decompose while most of the inorganic compounds are quite 
stable. Organic substances readily dissolve In organic solvents like 
alcohol, benzene, etc., while inorganic substances are, as a rule, 
insoluble in them, etc., etc. (it) Many organic molecules are com- 
plex—far more complex than IBOrE 0 OLR starch is 
Delieved to possess the molecular formula C,200 Flooo Oooo and the 
molecular weight of cotton cellulose has been found to be about five 
lacs. Protein molecules have mostly a elucidation up till now. 
(iv) A large number of organic EAR s oe Ne different 
properties may have the same molecular On a; thus, COHN 
stands for 185 compounds. CoH, HES FE compounds, while 
for CoH 2 there a 866,819 CONS TE " সা and for CH as 
many as 4,111,846,768! This NE ন CF unknown amongst the 
compounds of other elements. (0) By virtue of its atomic structure and 
i ition in the Periodic Table, carbon possesses an extraordinary 
its pos for combining with other carbon atoms and elements like 
capacity ন hydrogen ; hundreds or even thousands of carbon atoms 
oxygen an HE single molecule, joined each to each; but in an 
Hl oT indlechle, the number of atoms of any element is usually 
el and they are seldom joined each to each. (vi) Carbon com- 


pounds are composed of only a few other elements, viz., hydrogen, 
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oxygen, and sometimes nitrogen, sulphur and phosphorus. The rest 
of the elements are conspicuous by their absence in organic compounds. 
(uti) Organic reactions are mostly non-ionic and Proceed rather slowly 
whereas inorganic reactions are mostly ionic and rapid. 


Ever since chemists began to delve into the enigma of life from 
the chemical point of view, organic chemistry became rather important. 
Its intimate relation with vital processes makes it difficult to distinguish 
from biochemistry and physiology. The synthesis of atropine, atebrin 
and sulphanilamide in the organic laboratory has contributed much 
towards the progress of pharmacology. 


As regards the application of organic chemistry, we may mention 
the innumerable manufactures which have been developed. Dyes, 
cosmetics, soaps, drugs, spirits, etc. have added to the comfort of the 
civilised world. Synthetic rubber, synthetic plastics like bakelite, 
artificial silk (e.g., nylon) and wool, perfumes, power alcohol are all 
from the organic laboratory. The discovery of vitamins and hormones 
has given a new stimulus to the study of organic chemistry, resulting 
in the synthesis and commercial production of many. We now have 
a number of antibiotics such as penicillin, streptomycin and chloro- 
mycetin, which have given great relief to the suffering humanity. 


Organic compounds are obtained in bulk mainly from mineral 
Sources such as coal tar, petroleum, oil shale, etc.; the plant world 
supplies starch, oils, cellulose, sugars, resins, alkaloids, etc. in abund- 
ance. From the animal kingdom are derived proteins, fats, some Sugars, 
hormones, etc. But by far the largest number of them have been 
synthesised in the laboratory by the organic chemist. 


CHAPTER I 
PURIFICATION OF ORGANIC COMPOUNDS 


The behaviour of organic compounds is studied mainly in the 
light of molecular structure. As the first step in determining structure, 
a substance is analysed, qualitatively and quantitatively, in the purest 
possible state. Purification of organic compounds. is not always easy 
and different methods, depending upon the nature of the compound 
and impurities, are employed. 

Crystallisation is the commonest way of purifying most organic 
solids. A substance A can be separated from impurity B by filtration, 
when a suitable solvent is found that dissolves either A or B. In case 
A and B are unequally soluble, say, for instance, if B is more soluble 
than A, A can be obtained pure by several re-crystallisations, B will 
remain in solution. In case A is more soluble than B, due to its much 
higher proportion, A will crystallise first, the quantity of B being in- 
sufficient to saturate the solvent. A hot, saturated solution of the 
mixture is allowed to cool. A crystallises out first and obtained in a 

urer state. It is further purified by recrystallisation. By fractional 
crystallisation, A and B are separated. 4 The temperature co-efficient of 
tHe solubilities of organic compounds is generally high. 


Fig. 1. Hot filtration. Fig. 2. Desiccator 


The mixture is dissolved in the minimum quantit il; 
and filtered hot. To prevent crystallisation URGE RL CoE EE 
a hot-water jacket may be used (Fig. 1). Large crystals pees ne সা 
cooling. Sometimes supercooling prevents crystallisation ; in su oe slow 
crystallisation is started either by sowing with a small crystal of th a case 
or by scratching the sides of the container with a rounded ) the solute, 
Buchner funnel and a water pump (Fig. 3) make filtration a rod. A 
The crystals are washed once or twice with a little of the cold Hr quicker. 
in the steam- or air-oven and kept in the desiccator (Fig, 2) Fa vent, dried 
vacuum, if the substance is volatile or hygroscopic. - 4), preferably under 


Crystallisation is repeated until i র 
DE RE lisati the solid has the same melting 
point on two successive crystallisations. Water, alcohol, ether ) 
leum ether, benzene, glacial acetic acid, acetone carbon Eo ae 
) chloride 
chloroform, etc., are common solvents. A mixture of two RD) Fe; 
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e.g., alcohol-ether, alcohol-benzene, etc., is sometimes more suitable 
than a single. A suitable solvent has to be found by trial and failure. 
Separation from inorganic impurities is rather easy inasmuch as the 
latter are, as a rule, insoluble or nearly so, in common organic solvents. 
Water which dissolves most inorganic, but few organic compounds, 
may serve the purpose. The solvent must not obviously react chemi- 
cally with the substance to be purified. 


Fig. 3. Buchner funnel and filtration under reduced pressure. 


Sublimation. —Some organic solids, having a relatively high 
vapour pressure, vaporise on heating without 
liquefaction, t.e., they sublime. They can, 
therefore, be purified from non-volatile im- 
purities by sublimation. The sample is heated 
‘on a porcelain basin, covered with a funnel 
with its stem closed with cotton wool (Fig. 8a). 
‘The sublimate deposits on the inner wall of 
the funnel and is removed. Camphor, 
naphthalene, etc., are thus obtained pure. 
Substances like indigo, which sublime with 
decomposition at ordinary pressure, may be 
sublimed under reduced pressure. 


Distillation, If a liquid i nonvolatile 
impurities, it may be easily purified b distil- 4 TE 
Eton (Fig. 4). When ও ঠা more Grganit Fig. 3a. Sublimation. 
liquids occur together, the ‘common way of separation is by dis- 
tillation. If their boiling points (b.p.) are fairly apart, a simple distil- 
lation is sufficient. On heating, the most volatile component boils 
first. The temperature remains steady while most of this liquid 
passes over and is obtained practically pure. It rises again until 
the b.p. of the next component is reached. Benzene (b.p. 804°) 
can thus be easily separated from nitrobenzene (b.p. 209°). An air- 
condenser is used generally for liquids boiling above 180°. 'To avoid 
bumping, a few small pieces of unglazed porcelain may be added to 
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il flask f bubb. < ff f 
the disti ing ask ; the vapour forms bubbles on the rough sur ie 
the latter. Superheatin 5 and so bumping is thus Prevented. For 

€ - 


Fig. 4. Distillation of liquids. 


better condensation of Vapour, a ball or a s 
employed and ice-cold water Instead of t 
the condenser. A Water-bath or an oil- 


Piral glass condenser may be 


condenser. The 
plained by an 
Ave a mixture 
and 100° res- 
apour that 
1S a larger Proportion of A 
i mixture. When 
in its upward 

Passage, B condenses mor 


© rapidly than 
A; as a result the vapour that 


Sets still richer in A 
and higher, it be 
in A 


Fig. 5. Fractionating columns. Principle. 
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Distillation in vacuum.—Many organic liquids decompose at, .or 
below, their boiling points. These are purified by distillation: 
under reduced pressure. When the pressure is lowered, the boiling 
point falls correspondingly and decomposition is avoided. Glycerol, 
for example, boils at 209° with decomposition at atmospheric pres- 
sure but distils undecomposed at 180° under 12 mm. pressure. An 
arrangement shown in Fig. 6 is usually employed for this purpose. 
A receiver, having a side-tube, is attached air-tight to a condenser’ 
and connected through a manometer to a pump. A water-pump 
ordinarily serves the purpose, but for very low pressure or vacuum, an 
oil pump must be used. Different fractions can be collected without 
disturbing the arrangement. 


Fig. 6. Distillation under reduced pressure. 

7 Claisen's distilling flask, specially designed to stop overflow of 
liquid by bumping. B, a capillary tube, prevents bumping by ensuring uniform 
boiling. C is a thermometer, L, a Liebig condenser and R,, a receiver. 
S,, S, and S, form a triangle of stop-cock arrangement by which, kecping the 
vacuum of the system intact, R., in which the liquid collects, can be changed. 
M is a manometer. 

The liquid to be distilled is dehydrated by thoroughly shaking 
with fused calcium chloride, quicklime, solid caustic potash or 
anhydrous potassium carbonate, depending upon the nature of the 
liquid. Thus acids cannot be dehydrated with caustic potash, and 
alcohol with calcium chloride. 

Liquids that form constant-boiling (or azeotropic) mixtures cannot be 
separated by fractional distillation. The excess of either constituent over the 
constant-boiling proportion, distils and as soon as the azeotropic composition is 
reached, the mixture passes over. Thus 443% of water (b.p. 100°) forms with 
95:57% of alcohol (b.D. 78°5°) a mixture which boils at 78°15°; 6764% of 
benzene and 32:36% of alcohol give a similar mixture boiling at 68°25°. 

Molecular distillation is carried out under 00001 mm. to 001 
mm. of mercury range in specially designed stills which have the con- 
densing surface and the evaporating surface within the mean free 
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‘ path of the molecules to be distilled. The distillation temperature 
under such high vacuum falls considerably, sometimes by about 300°. 


High-molecular compounds or compounds having very high boiling 
points can thus be separated or purified. 


Steam-distillation is done when a compound, insoluble in water, 
is volatile in steam but its impurities are non-volatile. Essential oils 
such as rose oil (or eucalyptus oil) can thus be extracted from the 
flowers. The substance with a little water (if it is a solid but not 
otherwise) is placed in a flask F (Fig. 7) which is attached to a con- 
denser and heated. A current of steam from the vessel B is led into 
the liquid in F. The distillate in the receiver Ris a mixture of the 
volatile organic substance and water, which can be separated with a 
separating funnel (Fig. 8) or by means of a suitable solvent. The 
compound distils at a temperature much lower than its boiling point 
and decomposition at high temperature is thus avoided. Aniline or 
nitrobenzene is usually purified by steam-distillation. 


Fig. 7. Steam-distillation. 


The proportion of water and the substance in the distillate m: 
calculated. If B is the atmospheric pressure at the time of distillation, ay be 
B = Dp, + p., where, at the temperature of distillation, 
Pp, = partial pressure of water-vapour and 
Pp: = Partial pressure of the substance. 


If m, and m, are mol. wits. of water and the substance respectively, 
Wi KD} 


Ws ODI where w, and w, are weights of Water and substance 


respectively in the distillate. 
Ww, 18 Xp, 


ED) (18 = mol. wt. of water). 
B and p, are obtained from the barometric height and Standard tables 


Or, 


respectively. 


By passing superheated (i.e., high Pressure) steam {| g tL 
raised ; W, increases correspondingly. This means that VEO LE to Dp, is 
proportion of the organic compound in the distillate. ave a higher 

Separation with solvents. —A mixture of two li uid: i 

. . 5 
and a liquid can be separated by shaking in a UDR ff না 
(Fig. 8) with a solvent which dissolves cither. © For example Ee 
s 
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of chloroform and alcohol can be separated with water which is 
immiscible with chloroform but mixes in all proportions 
with alcohol. The alcoho] distributes itself between 
water and chloroform, the latter occupies the bottom 
layer. Chloroform is removed through the stop-cock. 
The process is repeated with fresh water. The alcohol 
can thus be removed. Chloroform is then dehydrated 
with calcium chloride and obtained pure. By fractional 
distillation, alcohol may be recovered. Ether is com- 
monly used for isolating many organic compounds from 
their aqueous solutions. Most organic compounds dis- 
solve more freely in organic solvents than in water. 
Sometimes emulsions are formed during such extrac- 
tion with solvents. These may be broken by adding an 
electrolyte, warming or adding more solvent. 

Chemical methods.—A compound may also be 
purified by forming a suitable derivative with another 
compound. The derivative is decomposed to get back 
the original compound in pure State. For example, an 
aldehyde is converted into solid bisulphite compound Fig. 8. Separ- 
with “sodium bisulphite and filtered. TH REN DART 
decomposed to obtain the aldehyde. An organic acid 
may be obtained pure by forming an insoluble metallic salt and 
decomposing the latter with a mineral acid. 

In many cases. of purification, often in the last stage (before 
crystallisation or distillation), the substance in solution is treated 
le animal or active charcoal for decolorisation and in some 


LEE h ডু i 
ee ET Le The mixture is generally boiled for 5-10 


minutes and filtered hot. 


aphic methods. TLS adsorption or partition chromatography, 
Cn ReD ccurring in minute traces and having similar physical 
many te can be completely separated, purified and also identified. The method 
Bibaed on either selective adsorption of the components by a suitable adsor- 
bent such as a 
a vertical glass tube, 


Ses—mo ini 
TC PE (silica gel or cellulose column, containing hygroscopic 


চী er). In the first method, a solvent is added at the to 

RT) ie OU EE a solution of the mixture and finally, more of the 
of the a ST components pass down thes column at different rates and form 
solvent. | ডা red bands if they are coloured. These are removed and different 
separate co’o tracted with a solvent. In the second case, the mobile phase 
components fe Solute, coming from the cellulose column, is collected in a large 
solvent with ঘৰ bes placed in a fraction collector at regular intervals ; these 
UTE examined for individual components. 

raction'! chromatography. 2 drop of the solution of a mixture is placed at 
In DEP filter paper strip which dips into a trough of solvent. The solvent 
one end 0 UE to capillary forces. The other end of the paper hangs down- 
front move ow of solvent continues then by a syphoning action. The compo- 
ward, the flo ith the solvent but at different rates, their respective positions are 
Fung with suitable reagents BYTE coloured products. They may also be 
separated in pure form from these spots by extraction with solvents, and 
estimated by micro methods. 
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Criteria of purity. —The criterion of purity of an organic solid 
is its sharp melting point (some, however, decompose before DE 
Most organic solids melt at comparatively low temperatures (below 
800°) and very sharply (within 1°) at a definite temperature. An 
impure sample usually melts through a range of several degrees. 
Even traces of impurity depress the melting point considerably, An 
impure sample is purified, say by crystallisation from a suitable 
solvent, repeatedly and its melting point noted each time. The melt- 
ing point rises gradually until it is constant and sharp. It a com- 
pound melts at the same temperature after recrystallisation, it is 
generally considered pure. Determination of melting point helps the 
identification of organic compounds. A eutectic mixture of two or 
more compounds also has a sharp melting point ; but the chance of a 
mixture to have components. in just the proportion required for a 
eutectic mixture, is rather remote. 


Determination of melting point. —For this, an organic solid is 
finely powdered and thoroughly dried in a desiccator. A little of it 
is taken in a small capillary tube, about 2 inches long, sealed at 
one end. The tube is attached to a thermometer (to which it sticks 
if the latter is wetted with a liquid) so that the solid lies close to 
the bulb of the thermometer. The thermometer is introduced through 
a cork into a small Jena glass flask, containing concentrated sulphuric 
acid (Fig. 9). Sometimes glycerol, high-boiling liquid paraffin, or 
castor oil is used instead. 

The bulb of the thermometer and about a half of the capillary tube 

are under the liquid surface. The flask is heated by a 
small, non-luminous flame slowly and cautiously. At a 
certain temperature the solid, if pure, melts suddenly. This 
is noted. Near about the melting Point, the flame is either 
removed away or kept low, so that rise in temperature is 
Very slow. The operation may be Tepeated ; the difference 
should not be greater than 1°. A correction for the 
mercury column above the liquid (stem Correction) may 
be applied. 

If a compound melts with decomposition, it 
has to be purified by repeated crystallisation ; b 
Inicroscopic examination its Purity may possibly 
be ascertained. 

Determination of mixed meltin 
helpful in the identification of Organic compounds. 
Suppose, the solid under examination is Believed 
to be urea which melts at LOL MTHS NE 
thoroughly mixed with a little Pure urea. If the 
mixture also melts sharply at 182°, the unknown 
compound is urea. Otherwise the melting point 
(m.p.) of the oa Xture will. be ‘indefinite,’ and 
lower than 182°. This lowering of mp. of a 
compound by an impurity i 
Fig. 9. Determina- [1 LT Ey Oe Senerally but A 

tion of melting universally 3 In certain Cases there is no 
point. depression of m.p. when two different compounds 


| 
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are mixed tog. ile i i 
hc ee Re such EE melt above the 
ER: ট SC exceptional cases are, however, very 
. The criterion of purity of an organic liquid is i i] 
Point (b.p.) which is CET BEOvided the Bart GE 
not fluctuate. If the liquid does not decompose at the boii ET 
1t is subjected to distillation from a distilling flask AEE EE 
standardised thermometer and a condenser (Fig. 4). If th i ia 
1s pure, the distillation will continue at a constant and definite E I 
ture (within a range of about 1°), and redistillation produces 10 EES 
in its boiling point. In case it distils with decomposition, the liquid 
may be distilled under a definite reduced pressure. During the ন 
mination of boiling point, overheating or bumping of the liquid USE 
be avoided. Constant-boiling mixtures, as already mentioned, have ন ডে 
sharp boiling points. If such a mixture is distilled under two different 
Pressures, the composition of the distillates is found to be different 
Besides the determination of boiling point, other physical constants f 
liquids such as specific gravity, refractive index, molecular rotation (e 
be discussed later), etc., are also determined to be certain oun 


the purity of a sample. 
QUESTIONS 
1. Write a brief essay on the various methods used for purifying organic 


compounds. 
2. What are the criteria .by which the purity of an organic com 
may be established ? 2 ERP oLnd 
3. How would you proceed to separate a mixture of 
(i) alcohol (b.p. 78°) and acetone (b.p. 56°) 
(ii) alcohol and chloroform ? 
4. Discuss carefully the principle involved in 


(i) steam-distillation ‘ by 
(ii) distillation with a fractionating column. 


5. Write an account of the various methods by which organic c 
are purified. (B.A. Degree Exam., 1942, Madras Uni.). E SEOUL 


CHAPTER I 
QUALITATIVE AND QUANTITATIVE ANALYSIS 


‘The first step in arriving at the molecular formula of a compound 
is to ascertain the constituent elements and their Proportion. The 
elements commonly found in organic compounds are carbon, hydrogen, 
oxygen, nitrogen, halogens, sulphur, Phosphorus and metals; the last 


four occur less frequently. Qualitative analysis (or detection of ele- 
ments) is carried out as follows. 


Detection of carbon and hydrogen.—Carbon. is tested for only 
when a compound is not definitely known to be organic. Many organic 
substances burn with a sooty flame, or char when strongly heated in 
a porcelain crucible, showing the presence of carbon. Some liberate 
free carbon on addition of concentrated sulphuric acid. The surest 
Way of detecting carbon is by oxidising the substance with copper oxide 
to carbon dioxide at high temperature. In a hard glass test-tube is 
taken a little of the dried substance thoroughly mixed with about 
twenty times of its weight of freshly ignited fine copper oxide. Sufficient 
copper oxide is added to cover the mixture in the test-tube, fitted with 
a cork and a delivery tube (Fig. 10). It is 
then strongly heated; carbon is thus 
oxidised to carbon dioxide, and hydrogen 
to water. The water vapour condenses in 
drops in the cooler parts of the test-tube, 
and may be confirmed by adding an- 
hydrous copper sulphate which turns blue. 
The end of the delivery tube leads into a 
test-tube containing lime-water which turns 
milky with carbon dioxide. If the com- 
Fig. 10. Detection of pound be a volatile liquid or a gas, the 
carbon and hydrogen. vapour of the liquid or the gas itself is 

Passed through a red-hot glass tube con- 


taining coarse, ignited copper oxide. The outcoming gas is tested for 
water and carbon dioxide as usual. ' 


Detection of oxygen.—There is no simple method for this... In 
some cases when the dry anhydrous substance is heated alone in a 
test-tube, water collects in the cooler parts of the tube 
proving the presence of oxygen. The existence of 
groups such as —OH, —NO,, =C=0, etc, ina compound also proves 
its presence. Oxygen may be detected as carbon dioxide (which 
turns lime-water milky) formed when the vapour of a compound 
containing oxygen is passed over hot carbon in an oxygen-free 
atmosphere. 

Detection of nitrogen. —Some organic com 
produce, on beating, an unpleasant smell li 
All nitrogenous compounds ‘respond to the 
carried out as follows: 


» indirectly 
OXxygen-bearing 


Pounds having nitrogen 
ke that of burnt hair. 
Lassaigne’s test which is 


4) 
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A pea-size piece of clean sodium (or potassium) is tak i igniti. 

Z en t 
tube and a little (about 0°1 g.) of the substance is Dadha to i The TIbelis 
then gradually heated to redness ; if the reaction is violent, it should be 
removed from the flame, the reaction goes on by itself. A very volatile substance 
is slowly added to molten sodium. The tube is heated until action ceases A 
black, carbonised mass is thus obtained. The hot tube, held at arm's length 
is plunged into water (about 20 c.c.) taken in a clean porcelain mortar : the 
tube crumbles to pieces and the excess of sodium catches fire with water. ‘ The 
hard mass, if any, is powdered and the solution is filtered. To the filtrate is 
added freshly prepared solution of ferrous sulphate and the mixture boiled for 
a while. The solution is then acidified with dilute HCl, and one or two drops 
of ferric chloride solution added. A deep blue coloration or ppt. (Prussian 
blue) indicates nitrogen. 

During fusion, nitrogen of the compound combines with its 
carbon and sodium added, giving sodium cyanide ; this on boiling with 
ferrous hydroxide (produced from ferrous sulphate and caustic soda) 
forms sodium ferrocyanide. With ferric chloride, acidified solution of 
‘ferrocyanide yields Prussian blue: 

6NaCN + Fe(OH), = Na,Fe(CN), + 2NaOH. 


4FeCl, + 3Na,Fe(CN), = Fe,[Fe(CN),], + 12Nacdl!. 
Prussian blue 
Detection of sulphur. —The substance is fused with sodium as 
in the case of nitrogen. Sulphur in the compound forms sodium 
sulphide. The filtered, alkaline solution is tested with cither 
(i) a drop of freshly prepared, dilute solution of sodium 
nitro-prusside, sodium sulphide gives a violet coloration ; or 
(i) acetic acid and lead acetate solution, a black ppt. of lead 
sulphide confirms sulphur. 


(CH,COO).Pb + NaS = 2CH,COONa + PbS. 
Lead acetate Ke Lead sulphide 


Sulphur and nitrogen can be detected simultaneously by adding a few drops 
of ferric chloride to the filtrate from sodium fusion acidified with hydrochloric 
acid. A blood-red colour indicates thiocyanate and hence the presence of both 


sulphur and nitrogen. | 4 

Detection of halogens.—Halogens in organic compounds cannot 
usually be tested with silver nitrate as they do not ionise in solution ; 
most of them are insoluble in water. The compound is fused with 
metallic sodium as before. The halogens form sodium halides. ‘The 
filtered aqueous extract of the fused mass is boiled with an. excess 6 
dilute HNO, to drive off H,S and HCN Which are formed if sulphuf 
and nitrogen are also present. The solution is cooled and AgNO, 
solution added—a curdy, white or yellow ppt. indicates halogen. The 
silver halide is identified as usual.” 

In a recent modification, sodium carbonate and sugar, or sodium carbonate 
- and zinc dust are conveniently used instead of sodium. k ট 

A halogen may also be detected by fusing the mass with quick- 
lime in a small crucible. The residue is extracted with water and 
filtered. Calcium halide formed remains in the filtrate. and is identi- 
fied with AgNO, solution in the same way. Beilstein’s test for halo- 


. 
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gens consists in heating the substance on a copper oxide wire in a 
Bunsen flame which is coloured green. The Presence of nitrogen does 
not usually interfere. The test is very sensitive but a few compounds 
containing no halogen, e.g., urea, also give it. 


Detection of phosphorus.—It is detected by fusing the compound 
with sodium carbonate and potassium nitrate—when alkali Phosphate 
is formed. The fused mass is boiled with water and filtered. The 
filtrate is acidified with conc. HNO, and an excess of ammonium 
molybdate solution added ; a heavy, yellow ppt. confirms phosphorus. 


Ee if present, is converted to an arsenate by this process, and detected 
as usual. 


Detection of metals. —This is done by first igniting the substance 
On a platinum foil, or in an open porcelain crucible. Oxides or carbo- 
nates of metals are thus obtained, which are identified by ordinary 
analytical methods. Volatile metals like arsenic or mercury may be 
detected in the residue obtained by oxidising the compound with a 
mixture of strong HNO, and H.SO,. 


Estimation of carbon and hydrogen.—All organic compounds are 
completely oxidised ‘by red-hot cupric oxide; carbon forms carbon 
dioxide, and hydrogen water. Carbon and hydrogen are invariably 
determined in one operation. CO, and H,O from a known weight of 
the substance are absorbed by suitable arrangements and weighed. 
The method, mainly due to Liebig (1831), is employed even to-day with 
slight modification. 


Fig. lla. Combustion tube. 


Fig. 1b. Calcium chloride U-tube. Fig. llc. Potash bulbs. 


The apparatus consists of a hard glass combustion tube (Fig. 11a) 
about 90 cm. in length and 12-15 mm. in diameter. Nearly two-thirds 
(PP’) of the tube are filled with coarse copper oxide, kept in position by 
loose asbestos plugs. Before starting the experiment, the tube is strongly 
heated in the furnace (Fig. 11d) consisting of a row of burners and 
closed by a set of fire-clay tiles. Air, completely freed from CO and 
moisture by passing through conc. H,SO, in a gas-washer and SOT 
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lime in U-tubes, is led through the tube. 
The inside of the combustion tube and 
its contents are thus thoroughly dried 
and also freed from carbon dioxide and 
organic matter, if any. The tube is 
cooled and its free end connected through 
a rubber cork to an accurately weighed 
U-tube (Fig. 11b) containing granulated 
(not fused) and sieved calcium chloride. 
‘The other end of the U-tube is joined by 
means of a short, thick rubber tubing 
to a weighed potash bulb (Fig. 11c), con- 
taining a 50% aqueous solution of KOH. 
The free end of the potash bulb carries 
a small tube half-filled with soda-'ime. 
‘This serves as a guard against the 
diffusion of acidic or aqueous vapours 
from outside. All connections must 
be perfectly air-tight. 

About 02 sg. of the substance, 
powdered and dried, is weighed into a 
small porcelain boat (C). This is 
introduced into the combustion tube. 
A spiral roll of copper gauze (B), 
previously coated with copper oxide by 
heating strongly in a non-luminous 
Bunsen flame, is then placed behind 
the boat to prevent the backward 
diffusion of the products of combust:on. 
Before heating, a slow current of air 
(and towards the end, oxygen) is passed 
through the combustion tube as before. 
The tube is then gradually heated from 
both ends, proceeding slowly towards 
the boat. . The air- or oxygen-flow 
through the tube is regulated at 2-8 
bubbles per second. The heating is 
continued until nothing is left on the 
This normally takes about 2 hours. 


boat. 

The apparatus is cooled to the room 
temperature. 

connected, stqppered and we 

pound ; ai 


d at 600°—800°. 


oxide, maintaine 


Calculation : 
Let w = weight of the substance taken, 


W, = increas 
and ws: 


Fig. 11d. Combustion 
apparatus for estimation 
of carbon and hydrogen. 


cin the weight of the potash bulb, 
= increase in the weight of the calcium chloride tube. 


The potash bulb and the calcium chloride tube are dis- 
ighed. Cupric oxide oxidises the com- 
r brings the vapour of the compound in contact with cupric 
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Therefore, weight of CO, produced =w,&@. 
12X Ww, x 100 300w, 
44 Me 


Or % of carbon = 
’ llw 


Similarly, weight of H.O formed = w; g. 


Or % of hydrogen = = 00 = Lows 
Example: 0°3560 g. of an organic compound gave on combustion 
1°2220 g. of CO. and 0°200 g. H.O. What is its percentage composition ? 
44 g. of CO, contains 12 g. of carbon. 


z 12 3:6660 
1°2220 g. of CO, has X 1'2220 or ™]1 — 8. of carbon. 


Thus 0°3560 g. of the substance contains TO £. of carbon. 


_ 3°6660 Xx 100 
Whence carbon = 1X 3560 or 93°62%. 


0'3560 g. of it gave 0'2000 g. of water, i.e., 02 2 £. of hydrogen. 
04 X 100 


18 X 3560 or 624%. 
The compound, therefore, contains no other element. 


Precautions.—(1) The flow of oxygen through the combustion tube should 
be carefully regulated. If it be too rapid, carbon monoxide will be formed. 

's (2) Before combustion, the tube must be completely freed from carbon 
dioxide and moisture. k k: « 

(3) A volatile substance should be weighed in a small bulb which is 
Placed on the boat. ্‌ Ls 

(4) Nitrogenous compounds form oxides of nitrogen which are reduced 
to nitrogen by a metallic roll of copper gauze placed in the combustion tube, 
beyond copper oxide towards the U-tube so that they cannot vitiate the results. 

(5) For halogen or sulphur compounds, coarse copper oxide is replaced 
by fused lead chromate, to form halide or sulphate of lead—no halogen, or SO, 
is thus absorbed by the potash bulb. If only halogen be present, a bright roll 
of silver gauze will do. 

The percentage of carbon is generally a bit lower, and that of hydrogen 
slightly higher, than the theoretical values. This is because dry air or Oxygen 
carries away a little moisture from. the potash bulb, and copper oxide, being 
highly hygroscopic, tenaciously retains a little moisture even after preliminary 
roasting ; this is expelled on prolonged heating afterwards. 

Estimation of nitrogen by Dumas’ method.—All Organic 
nitrogenous compounds completely decompose into carbon dioxide, 
water and nitrogen (or its oxides to some extent) on strongly heating 
with copper oxide. These are passed over a heated copper gauze to 
reduce oxides of nitrogen and finally collected over caustic potash 
which retains the carbon dioxide. The volume of nitrogen collected 
is measured. 


Whence hydrogen = 


heat 2 
Substance + CuO —~> CO; + HO + NN; + oxides of N, 


KOH Cu gauze 
N:+H.O €— CO,.+HO+N, 
A combustion tube similar to that for estimating carbon 
hydrogen is employed (Fig. 12). The portion AB is filled with te 
copper oxide, the two ends of the oxide layer are Plugged with asbestos 
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The weighed substance (about 0°83 £-) is intimately mixed with about 
10 g. of fine copper oxide (ignited and cooled) and carefully introduced 
through a small, dry funnel into the combustion tube (column BC in 
Fig. 12). Another column of coarse copper oxide (CD) is introduced. 
A bright spiral of copper gauze (E), freshly reduced in methyl] alcohol 
vapour, is placed at the end of the tube which is connected to a SchifPs 
nitrometer (N), filled with 40% aqueous KOH solution. The other end 
is connected to a supply of carbon dioxide generated by heating 
NaHCO, (or magnesite) in a hard glass tube closed at one end. 
Between this and the combustion tube, there is a fas-washer contain- 
ing conc. H,SO, for arresting the water vapour and also for noting the 
rate of flow of CO;,. The combustion tube is placed in the furnace 
and to begin with, the bicarbonate is gently heated; the CO, evolved 
sweeps out the air in the tube. After some time, the nitrometer is 
connected to the combustion tube and more CO, passed. This bubbles 
up the KOH column and is completely absorbed. Any air collects at 
the top of the nitrometer. When no gas accumulates in ten minutes, 
heating is started from the two ends of the furnace; as the copper 
gauze and the coarse oxide become dull red, the substance is heated 
carefully so that not more than one bubble Per second escapes into the 
nitrometer. A slow stream of CO, is passed through the combustion 
tube all the while. When no more nitrogen collects in the nitrometer, 


Fig. 12. Estimation of nitrogen by Dumas’ method. 
the combustion is complete (this takes about 80 minutes); a strong 
stream of CO, sweeps out the residual nitrogen. The apparatus is then 
cooled to the room temperature and the volume of nitrogen measured 
after making the level inside and outside the same. The room tempe- 
rature and barometric pressure are noted. 
Calculation : 
Let v, = volume of nitrogen collected, 
t°C = temperature of the room, 
P = barometric pressure, 
Pp = aqueous tension at t°C, 
v2 = Volume the gas would occupy at N.T.P. 


[৩] 
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$ = Vi X (P—P) X 273. 
2 = TEFEN STEN 


4 VaX28 4 
If w g. be the weight of the substance, w g. contains 22400” £- of nitrogen. 
C(." 224 litres at N.T.P. weigh 28 g.) 
2) EEL V2ID8 100 V2 V, X (P-—pP) X 273 
of Ns = 55100 X FW = BE =§XwX 1760 xX C347 
The value for nitrogen is usually about 0:2% too high due to a 
little air retained by copper oxide, If the cobustion is incomplete, any 


carbon monoxide or methane formed escapes oxidation and counts as 
nitrogen. 


Kijeldahl’s method.—Most organic nitrogenous compounds 
form ammonium sulphate quantitatively on heating with conc. 
H,SO,, which on distilling with caustic soda, 

§lves ammonia. This is absorbed by a 
known volume of standard acid and deter- 
mined by titration. The method is conve- 
nient and generally used in agricultural and 
biological laboratories as unlike Dumas’, 


Several estimations can be simultaneously 
done. 


The substance (0'5 to 5 £. according to 
the nitrogen’ content) is ‘taken ‘in a 
long-necked, round-bottomed Pyrex flask 
(Kjeldahl’s flask, Fig. 18a). About 20 cc. 
of conc. H,SO 
is heated directly in a fume chamber slowly 
to mild boiling until the liquid becomes 
Practically colourless. About 10 g. of K,50., 
1s added to effect better oxidation by raising 


the boiling Point of the liquid. A small 
crystal of CuSo, 


s Or a drop of mercury 
GS the reaction. A litte selenium 
(01 sg.) Accelerates clear 


Et ing of the liquid. 
EY The cooled liquid, NEG carefully with 
j # round-bottomed, hard glass litre-flask for 


Excess of a 40% 
is added without mix: 


Sranules prevent bum 


NOE solution (80 cc. for 20 cc ) 
Ping. The NR * Some pumice stone or zinc 
Sk containin POET upright condenser 

£ a known Volume of decinormal 


Hl S of 
condenser is connected™ to Re dish renee The upper end of the 
‘on flask through hich 

8h a trap whic 


Prevents the splashing of 
any alkali i 

condenser. The li uid i hen, Olution ৰ ন 
« 9 মন 
of ammonia, it is SAE বজ raioid 100 2a ঠা ion 
line. The acid in the SEE i late; 0 longer al 
k Conical fas is titrated ৰ দ্ণ ন Ln 
etermine the 


4 iS poured upon it. ‘The flask. 


ee + ও 


Etre 


anni tee = > Mee 
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ammonia. A blank experiment is performed under identical condi- 
tions and a correction made accordingly. 


£3 EE 
If v c.c. of normal acid is consumed, 1000 
equivalents of ammonia have been evolved, 


which mean EE £. of nitrogen. 


VX 14,100 _ Lav 
1000 WAI 2 2 
being the weight of substance. 

In pyridine, quinoline, azo-, diazo-, 
nitro-compounds, etc., nitrogen is present 
in a non-oxidisable form. This method is 
not applicable to them. Some compounds 
give low values due to evolution of nitro- 
gen during digestion. 


Estimation of halogens by Carius’ 
method. —The substance is oxidised with 
fuming HNO, at high temperature in 


‘'. % of nitrogen = 


presence of silyer nitrate. From tho a 
amount of silver halide formed, the Fig. 13b. Kjeldahl’s estima- 
halogen is calculated. tion of nitrogen. 


Into a thick-walled Jena glass tube (about 50 cm. tong and 
2 cm. in diameter) sealed at one end (Carius tube) are introduced 
through a thistle funnel about 8 c.c. of fuming HNO, (sp. gr. 15) 
and some crystals of AgNO,. The substance (015 to 02 sg.) 
weighed in a small glass tube is slipped down the Carius tbe 
which is then sealed, leaving a nose. It is heated gradually up to 
200°—250° for about four hours in a bomb furnace. This consists of 
iron jackets to hold the glass 
tubes, and an iron or Wooden 
enclosure with a door of thick 
glass to guard against explosion. 
The temperature is noted by a 
thermometer inserted in the 
furnace and heating is done by 
Bunsen burners (Fig. 14). 
Finally, the tube is cooled and 
the Pressure inside released by 
softening the nose or Projected 
end with a flame. The tube is 
cut open and the contents 
diluted with water and trans- 
ferred to a beaker. The silver 
Fig. 14. Carius’ estimation of halogens. halide is. boiled with Water, 
. Collected in a Gooch crucible 

or sintered glass filter, washed, dried and weighed. 


If w, £. of the substance yields w, g. of silver chloride (Say), it contains 


Ws X 35°5 g. of chlorine, whence chlorine = 35:5 X Ww. 100, 
108 + 355 1435 LA 
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method is suitable for determining halogens in volatile 
organic compounds; but accurate results are seldom obtained in 
case of highly halogenated aromatic substances. Iodine compounds 
generally give low values as AgIl produced is appreciably soluble in 
HNO, containing AgNO.,. 

Piria and Schiff’s method may be employed for some halogen 
compounds that are incompletely decomposed in Carius’ method. 
The finely powdered substance (0°1-0'°8 g.) is taken in a small 
platinum crucible which is completely filled up with an intimate 
mixture of pure lime and sodium carbonate 
(4: 1). A larger platinum or porcelain crucible 
is inverted over it and the whole system 
inverted once again. The space between the 
two is filled, and the smaller crucible com- 
pletely covered, with the same mixture (Fig. 15). 
aE LOE a It is Peat be a Bunsen flame and then 

ig. 15. Piria an more strongly with a blow-pipe burner. It is 

Schiff EEG of cooled, the contents are treed with water ind 

2 dissolved in dilute nitric acid. The solution is 

filtered and the halogen precipitated with AgNO, solution. From 

the weight of silver halide, halogen is calculated as in Carius’ method. 

For iodine compounds sodium carbonate alone is used as calcium 
iodate which results if lime is employed, is insoluble in water. 

In Robertson’s method the substance is boiled with a 
agent, such as chromic acid, in a current of purified air. 
led over finely divided platinum, kept red-hot in a quartz or silica tube, the 
halogens (chlorine and bromine) are thus set free. The latter is absorbed 
in alkaline hydrogen peroxide and estimated volumetrically. This method is 
well suited for volatile compounds. 

Estimation of sulphur.—lIn Carius’ method, sulphur in an organic 
compound is oxidised to sulphuric acid which is estimated as barium 
sulphate. The compound is heated with fuming HNO, Aone and 
barium chloride solution is added to the contents, diluted with water 
before boiling. & 
Phosphorus is determined similarly, the phosphoric acid bein; 


weighed as magnesium pyrophosphate or ammoni £ 
molybdate as usual. um Phospho- 


Powerful oxidising 
€ vapours are 


Estimation of oxygen.—There is no easy method for de A: 
in organic compounds. The usual procedure is to find the DEE LE oxygen 
by difference, those for other elements being known. Ee of oxygen 


In Ter Meulen’s method, oxygen is estimated by heati 
substance in a current of hydrogen and passing the va 
platinised ‘asbestos :and then over finely divided nickel! 
350°. The oxygen is thus converted into water 
as usual and weighed. 


Micro-analysis, elaborated by Pregl, requires onl 
for each'‘determination. The basic principle is the same i 
but the apparatus is specially adapted and weighing done 4, described above 
having a sensitivity of 0°001 mg. In semi-micro method Zr A micro-balance 
for each estimation. These have proved extremely hel 0-25 mg. is taken 
many natural products which occur in traces and only ন PE in the study of 


mg. of which can 
0 cobb ANS > 


Ng strongly the 
] Pour over red-hot 
Which On thorium oxide at 

Ich is absorbed by CaCl, 


ly 3 to 5 Mg. of a substance 
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be obtained in pure state; ordinary macro. methods require about 01-05 s. 
of the material for such estimations, depending on the element. 


QUESTIONS 


1. How would you detect the presence of the following elements in organic 
compounds: (i) nitrogen (ii) sulphur (iii) halogens? Discuss the principle 
involved in each case. 

2. Describe in detail the Carius’ method of estimating halogens. 


3. Discuss the important methods employed for determining the percentage 
of nitrogen in organic compounds. Which method would you prefer for 
routine analysis ? 

4. Describe the process of combustion of an organic compound; and 
mention the special precaution to be adopted when the substance is very 


volatile. 

5. Calculate the percentage of nitrogen from the following data: 0°5 gs. 
of the substance was decomposed and distilled with caustic soda and the 
ammonia collected in 50 c.c. of normal sulphuric acid. The excess acid 
required 33:6 c.c. of normal caustic soda solution for neutralisation. 


6. Describe with essential practical details how you would estimate 
the percentage of nitrogen in an organic compound (Bombay University, 
B.A. & B.Sc. 1937; B.Sc. Pass, 1945, Calcutta University; B.Sc. Pass 
1952, Gauhati Uni.). 

7. How would you test for the presence of nitrogen, chlorine and sulphur 
in an organic compound? How is nitrogen quantitatively determined in a 
compound containing carbon, hydrogen, oxygen, sulphur and nitrogen ? {B.A. 
Degree Exam., 1941, Madras Uni.) 

8. Describe the qualitative test for halogens in organic compounds and 
the quantitative method for their estimation. In what structural forms are 
they commonly present? (B.A. Degree Exam., 1946, Madras Uni.). 


CHAPTER III 
EMPIRICAL FORMULAE AND MOLECULAR WEIGHTS 


From quantitative elementary analysis, the percentage composition 
of an organic compound is found readily. The relative number of 
atoms of constituent elements is then calculated from its percentage 
composition as in the case of inorganic compounds. For this, the 
percentage weight of each element is divided by its atomic weight. 
‘The atomic ratio thus obtained is expressed in whole numbers by 
dividing, if necessary, each quotient by the lowest one, or by a simple 
fraction of it. The formula, expressing the atomic ratios of the elements 
present in the molecule in whole numbers, thus obtained 


i ; $ » iS known as 
empirical formula. Some illustrations will make it clear. y 


“(i) On analysis, a. compound was found to contain C= 837% and 
H = 16'28%. What is its empirical formula ? 


Dividing the percentage composition by respective at. wts., we have 


1 16:28 e 

H = L608 = 16 approximately 
ME s3:700 
= =-7 


The empirical formula is, therefore, C;H,, ; 7 and 16 denote the relative 
number of carbon and hydrogen atoms in the molecule. The molecular formula 
is (C,H,.)n ; n, a whole number, is known from the molecular weight. 


(ii) An organic compound contains C= 488% and H = 31%. Find its 
empirical formula. 


The percentage weights of the elements do not total 100, so 
present ; its percentage is obtained by difference. 


Thus C = 488% 
H = 31% 
'. O = (100—-48'8—3°1) = 48'1% 


Hence C = বট = 4:07 = 4 approximately 


oxygen is 


O0=7176 = 301=3 fe 


Hence the empirical formula is CHO; and the molecular formula (C,H,O.)n. 

(iii) On analysis an organic compound was found to contain C= $ ন 

C1 = 3718%, H = 209%. Calculate the empirical formula (BS RO 
* C= 43'98% 


LH = 209% 

Cl = 37-18% 

C= 5 0 = (100-8325) = 1675%. 
The relative numbers of the atoms are : 


_ 43:98 
120 


= 3°66 
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2'09 
H= TO 2:09 y 
37°18 
=-355 = 1°05 
16°75 
= 6M 104 


SE 1°04 
Dividing each by “27 We have, to the nearest accuracy, the empirical 


formula as C;H,0:Cl.. 

Due to unavoidable experimental errors, exact theoretical values 
are seldom obtained from analysis. Two compounds may have very 
nearly the same percentage composition, €.g., CH, has © = 88:72%; 
H =1628%; and CH, has C = 84%, H = 16%. So also CoH, ভর 
Coes: Without other data, e.g., mol. WL, it is hardly possible to arrive 
at the correct formula in such cases. Several organic compounds may 
have the same empirical formula, their molecular formula may or may 
not be different. Thus formaldehyde, acetic acid, lactic acid and glucose 
have the same empirical formula, CHO, but different molecular for- 
mulae, viz., CHO, CHO, CHO; and CHO, respectively. Glucose, 
fructose and galactose have the same empirical formula, CHO, and also 
the same molecular formula, C,H, .0.- ") 


Determination of molecular weight is best done by physical 
methods depending upon the nature of the 
substance. Molecular weights of volatile 
organic solids and liquids are found by 
vapour density method of Victor Meyer, 
Hofmann or Dumas. This is based upon 
the fact that the relative density of a gas 
or vapour is half its molecular weight (de- 3 
rived from Avogadro's hypothesis). One hl 
has to find the volume that a given weight EE 
of the substance occupies as vapour under 
definite temperature and pressure. 

Victor Meyer's method,—The appa- 
ratus of Victor Meyer consists of an elon- 
gated glass bulb with a long, narrow stem 
snd a bent capillary side-tube. This is 
introduced into a copper jacket containing 
a liquid which boils at least 25° higher than 
the substance to be examined. The end 
of the long stem is tightly closed with a 
rubber Stopper; the side-tube leads to a 
raduated tube filled with water and in- 
verted over a trough of water (Fig. 16). 

The Victor Meyer tube, thoroughly 


)] 2 ই Fig. 16. Victor ? 
cleaned and dried, is kept in position in the RN ৰ 


copper jacket with a well-fit cork. There is 
an outlet for the vapour of the heating liquid. The liquid in the 
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copper vessel is kept boiling. The air inside th 
expands and goes off. When the bulb attains a uniform temperature 
and no air bubbles out, the graduated tube, completely filled with 
water, is inverted over the end of the side-tube. A small glass-stoppered 
bottle or a thin-walled glass tube sealed at both ends containing a 
known weight of the substance is swiftly dropped into the tube by 
opening the rubber stopper which is immediat 


ely replaced. The bulb 
has a pad of asbestos or glass wool to absorb the shock. Before intro- 
duction, the seal may be broken. Immediate Vaporisation takes place 


and the displaced air, equal to the volume the compound occupies as 
vapour, collects in the graduated tube. When no more bubbles issue 
Out, it is transferred to a tall Jar of water to attain room temperature. 


The volume of the gas is then measured after making the level of 
Water inside and out the same. The barometric pressure and tempera- 
ture are noted. 


€ Victor Meyer tube 


Let V, = the observed volume at t,°C under a pressure, 


Let p cm. be the aqueous tension at t,°. 


f (P,—D)XV, x 273 
displaced air at N.T.P. = (2736) 76 °C: 


IP, rem: 
Then V, the volume of the 


Vapour density = সতত » W being the wt. of the compound. 


Mol. we. = 2X W 2X WX 76 X (273 +t) 
V X ‘00009 000009 XV, X (Bi—D) 3273 * 
. Example: 0°1680 £. Of a substance, when Vaporised, displaced 49°4 c.c. of 
alr at 20°C and 740 mm. pressure. Calculate its molecular weight (aq. tension 
at 20° = 18 mm). 


494 740-—1 & 
Volume of vapour at N.T.P. = 5 c.c. 
E 01680 X 293 Xx 760 
VEEN density To 723273 Xx 000005 
2 X 0°1680 X 293 Xx 760 
Mol. wt. of the compound = 49:4 X 722 X 273 X 000009 = 85°39. 
Victor Meyer's method is extensively employed as it gives accurate results 
and can be applied to compounds having a wide Tange of i 
not applicable to compounds whi 


b.p. It is of course 
DEES ch boil with decomposition at atmospheric 


Hofmann’s method.—The Apparatus consists of a 
barometer tube of about 9c 


1 mM. in diameter and 
length. It is filled with mercury and i 


mercury. The tube is almost completely 
jacket through which Vapour from a boil 
temperature of the barometer tube i 


bottle, completely filled with a liquid of known wei. A ORE 
is introduced at the bo 


Sht (about 0°05 g.), 
ttom of ক 
Tises to the to ee ‘The bottle Immediately 
ously in the Torricelli’s space. 


Sraduated 


The 1 জি Vaporises instantane- 
3 € ‘evel of mercury i 
and when it becomes stationary, the volume of the depressed, 


€ vapour is noted 
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an also the temperature. The pressure of the vapour is obtained by 
racting the reading of the mercury level from the barometric 
reading. The weight of the vapour being known, the vapour density 
is calculated as in the previous case. This method is particularly suit- 
able for compounds which decompose at the boiling point under normal 
pressure. Here vaporisation takes place under much reduced pressure 
and decomposition is avoided. 

Dumas’ method.—In contrast with the above methods, here the 
weight of a known volume of vapour at a definite temperature and 
pressure is determined, from which the relative density is calculated. 
It gives accurate results but the procedure is troublesome. 

A large glass bulb with a narrow, pointed neck is weighed. A few 
c.c. of the liquid is introduced into it by alternate heating and cooling. 
The bulb is kept immersed in a bath whose temperature is appreciably 
higher than the boiling point of the liquid. The liquid boils rapidly 
and fills up the bulb with vapour. When no vapour issues out, the 
orifice is sealed with a blow pipe. The bulb is taken out, cooled, washed 
thoroughly, dried and weighed. The volume of the bulb is determined 
by opening the seal under water (when water fills the bulb) and weigh- 
ing it with water. Knowing the weight and volume of the vapour, its 
density is readily obtained. For non-volatile substances, cryoscopic (or 
freezing point) method and ebullioscopic (or boiling point) method are 
generally employed. 

5) tCryoscopic method is based on the fact that when different 
substances (non-electrolytes) are dissolved in a solvent in the same 
molecular concentration, the freezing point of the solvent is lowered 
to the same extent, provided the solution is dilute. Such lowering is 
directly proportional to the concentration of the solute within certain 
limits and independent of its nature, Thus 8:42 fg. of cane-sugar 
(mol. wt. 842) and 0°60 g. of urea (mol. wt. 60), dissolved separately in 
100 g. of water, lower the freezing point of water to the same extent. 

The depression of freezing point of a solvent caused by the gram 
molecular weight (M) of any non-electrolyte dissolved in 100 g. of the 
solvent is, therefore, the same. This is called molecular depression and 
usually denoted by C. The value of C varies with solvents and is 
determined by dissolving a definite weight of a substance of known 
molecular weight in 100 g. of the solvent and noting the depression. 
"The molecular depression for water is 188; 1.e., if one gram molecule 
of any non-electrolyte (60 $s. of urea, or 842 g. of cane-sugar, for 
be dissolved in 100 g- of water, the freezing point of the solu- 
e — 188° (pure water freezing at 0°). C can also be derived 


0-02T: A 
from van’t Hoff's equation, C= LL where T is the freezing point 


example) 
tion should b 


of the solvent on the absolute scale and L its latent heat of fusion 
per gram. 
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If 1 g. of a substance be dissolved in 100 g. of a solvent whose depression 


constant is C, the depression in freezing point d =ং Where M = mol. wt. 
of the solute. Again, if w g. be dissolved in W g. of solvent, 
GC. AW 100, CX wX 100 
EM Wir On Md XW 
The apparatus (Fig. 17), due to Beckmann, consists of a large 
glass tube, about 2'5 cm. in diameter, having a side-tube. The tube 
is closed with a rubber stopper through which passes a Beckmann 
thermometer ; the side-tube is also closed likewise. It is inserted into 
another empty glass tube serving as an outer air-jacket. The latter is 
Placed in a cold bath at about 5° below the melting point of the 
solvent. The outer cold bath is stirred with a stirrer by hand, while 


inside the Beckmann tube, an electrical stirrer operates by a make-and- 
break arrangement. 


The Beckmann thermometer covers a range of 5°-6° graduated 
in one-hundredth of a degree. It records not the 
actual but the difference of temperature (which 
is required here). The thermometer is highly 
sensitive, having a large bulb. The amount of 
mercury in the bulb can be adjusted by transfer- 
ring a portion to a small reservoir at the top of 
the thermometer by heating or cooling. The end! 
of the mercury thread must remain on the 
graduated scale at the freezing temperature of the 
solvent and solution. 


A known weight of the pure solvent is taken 
in the Beckmann tube and cooled with stir- 
ring. The mercury thread of the Beckmann 
thermometer goes down, sinks below the freez- 
ing point of the solvent due to supercooling and 
then shoots up suddenly and remains stationary 
at a point which is the freezing point of the 
solvent. This is noted. The substance (0°2-1°5 g.) 
is introduced through the side-tube, and .the 
solvent liquefied. The freezing point of the solu- 
tion is likewise determined. The difference 
between the two gives the depression ; the mole- 
Fig. 17. Freezing-point cular weight is calculated from the formula given: 
apparatus (Beckmann). above. Some of the common solvents are: 


Solvent m.p. °C mol. depression, C. 
Water Ea a 0 8 18'8 
Phenol - Lat 42 SR 72 
Acetic acid ... 8 16 “ঠা af) 

Benzene a ৬ 5) ডা 51 
Nitrobenzene ৰ 5 চর ‘pl 
Camphor কট 42 180 iy 4U0 


Naphthalene ... দা 80 2% 69 
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Example : The freezing point of pure benzene is 5'440° 
On CONE 2:093 g. of benzaldehyde in 100 g. of bE nT at 
€ the j El ্ী le ্ 
Belen EG ar weight of benzaldehyde, taking the molecular depression of 

ন 2:093 CE 

2 g. benzaldehyde = M gm. mols., M being its mol. wt. 

Depression of freezing point = 544° —444° = 1° 

2093 
195 S02 REMI whence M = 1046. 

. Molecular depression constant of camphor being very high, viz., 400, a 
given weight of a solute causes a much greater depression in camphor than in 
other solvents. An ordinary thermometer can, therefore, be used to determine 
the m.p. of camphor, which is high, in an ordinary melting point apparatus. 

Jve freely in molten camphor and must not 


The substance, of course, must disso { 
decompose under the conditions or react with it. The method, called Rast's 


method, is simple and gives accurate results: 5-10 mg. UAE MSUBStADEERLS 
EO 50-100, mE of Pn camphor by melting in a sealed 
test-tube. The m.p. of the pulverised mixture is determined in the usual way 
and also that of camphor. Mol. wt. is then obtained from the equation on p. 26. 
© Ebullioscopic method.— The boiling point of a liqui Se AS 
10 dissolved substances. Different substances, in the same Ee 
concentration, raise the boiling point 
OF HEE solvent tothe Same extent. 
This is independent of the nature 
of the solute (non-electrolytes). Pro- 
vided the solution is dilute, the rise 
in boiling point is directly propor 
tional to” the molecular concentra- 
tion of the solute. The elevation © 
boiling point cause by the mole- 
cular weight in grams of any sub- 
stance in 100 g. of the. solvent is, 
therefore, the same. This is cale 
molecular elevation and denoted 
by c (cf. cryoscopic method). ¢ being 
known, the molecular weight of a 
be by - 


substance can calculate 
observing the elevation In 
boiling point of a 
GE the solvent BYE 
of the solute, om the formula 


M= LOOK CEN where, dis theeleva- Fig. 18. Beckmann’s boiling-point 
dxW 
int and other 


apparatus. 
tion in the boiling PO. { j bs 
terms have the same significance as in the previous method. Evidently, 
SEES Gf HE EXPELLED depends upon the accurate determination of d. 
__A weighed amou 
d.—A welghe ount of a pure solvent, say 


Beckmann’s metho ৰ 

20g. is bolled in the tube BEE (LB): ot the bottom CF which a 

platinum wire i id, Sometimes a few glass beads are also 
t superheating, the chief source of error, by 


introduced. These preven cl 
Bubbles ‘of vapour. The boiling tube, B, is provided 
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with a coiled air condenser which returns the liquid to the tube as it 
condenses and keeps the volume of the liquid constant. It is surrounded 
by a vessel C, in which the same solvent is kept boiling. This, too, has 
a reflux condenser to avoid loss of the liquid. The apparatus is heated 
on an asbestos box, A. The boiling tube rests on two asbestos rings 
and carries a Beckmann thermometer, T, set to the desired range. 
‘When the liquid boils briskly, the thermometer is read off. The con- 
denser is removed after cooling the apparatus, and the substance 
(0'2-1'5 g.) is introduced through the side-tube. ‘The solution is boiled 
once more, and the boiling point noted. The difference gives d. Heat- 
ing may also be done electrically. 

Example: The molecular elevation for acetone is 1674°. A solution, 


containing 0°7269 g. of camphor, dissolved in 32°08 £. Of acetone (b.p. 56°30°). 
boiled at 56:55°. What is the molecular weight of camphor ? 


The observed elevation = 56°55°—56°30° .= 025°. 


: _ 0°7269 
Wt. of camphor in 100 g. of solvent = 3208 2X 100 s. 


2. 1 
or নস wi Sram molecules. [M = mol. wt. of camphor] 


7269 
0°25 = 1674 X 3208 XM ° whence M = 1484. 


The method seldom gives accurate results owing to fluctuation 
in the boiling point due to radiation, change in barometric pressure, 
mixing of condensed vapour with the boiling liquid, etc. The mole- 
cular weights of electrolytes in ionising media as well as of substances 
that associate and form molecular aggregates, cannot be found by this 
method. The following are some of the common solvents: 


DDC c bp. GC c 
Water +. 100 52 Benzene 80:50 1260, 
Acetone E156 16°7 Acetic acid lt: 25:3 
Chloroform 61 366 Phenol L182, 304 
Methyl alcohol © 64 92 Aniline ai: 184 322 
Ethyl alcohol Pe) 115 Ether 235 21'1 


Mol. wits. of Organic acids.—The equivalent weight of an organic 
acid may be determined by titrating a known weight (0°2-0°5 g.) of 
the pure acid dissolved in aqueous alcohol with decinormal caustic 
soda or baryta solution using phenolphthalein as indicator. . This can 
also be found by analysing its silver salt. Generally speaking, silver 
salts of organic acids are normal, sparingly soluble in water, and 
crystallise without any water of crystallisation. On ignition, a residue 
of metallic silver is left. From the weight of silver salt and of silver 
Obtained therefrom, the equivalent weight of the acid is calculated. 
The molecular Weight is obtained from a knowledge of its basicity, 
for basicity x equivalent wt. = mol. wt. 


The acid is treated with ammonia to obtain the soluble ammonium 
Salt. Excess of ammonia is boiled off and silver nitrate solution added 
in the cold—the silver salt precipitates. This is filtered, washed and 

Tied. About 05 §- Of it is ignited in a platinum or Porcelain crucible. 
The difficulty with silver salts is that they are unstable and some of 
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them explode on ignition. Barium or calcium salts are also employed 
for this purpose. : 
Let w, g. of silver salt yield w. g. of silver, and n be the basicity of the 


F EE ্‌ 108 X w, 
acid. Then, 108 g. of silver would be obtained from EEE £. SO that the 


molecular weight of the silver salt is X l108n 
El 


Ww, 
The mol. wt. of the acid = NW X l108n—108n + n. 


(n ‘atoms of silver being replaced by n@toms of hydrogen). 
« Example: 0°5073 g. of the silver salt of a monobasic acid gave 02780 sg. 
of Ag. Calculate its mol. wt. 
0°5073 g. of silver salt gave 0°2780 g. of silver. 
t 0'5073 
Mol. wt. of silver salt = C280 X 108. 
Since the acid is monobasic, the mol. wt. of the acid is 
ত X 108-108 + 1 = 90°06. 

Mol. wits. of organic bases.—When the acidity of a base is known, 
its molecular weight can be calculated from the equivalent weight. The 
latter is usually determined by analysing the additive compounds that 
most organic bases form, like ammonia, in hydrochloric acid solution 
with platinic chloride. These are known as platinichlorides or chloro- 
platinates, B,H,PtCl, (if B is a monoacidic base) or BH,PtCl, (when 
B is diacidic). These are crystalline and on ignition, give ‘metallic 
platinum. The weight of platinum from a definite weight of chloro- 
platinate is determined. 


The base is dissolved in HCl and a solution of platinic chloride, 
PtCl,, added. The yellow, crystalline chloroplatinate that separates is 
filtered, washed and dried. A weighed quantity is then ignited in a 
crucible. 

Let w, g. of the platinum salt yield w, g. of Pt. on ignition, and n be 


the acidity. Then, 195'2 g. of Pt. (at. wt.) will be obtained from ন X 195°2 g. 


of the salt, which is the molecular weight of the salt. 
H.PtCl, = 2 + 1952 + 6 X 35°5 = 4102. 


Wi 
The mol. wt. of the base = yw. X195°2—410'2, if it be diacidic. 


But if the base be monoacidic, the figure should be halved. 


k : Calculate the molecular weight of a monoacidic base, 0°596 g. 
of Ec Hon HS gave on ignition 0°195 g. of platinum. 


0'596 €. platinichloride gave 0°195 g. of Pt. whence mol. wt. of 


‘596 
salt = EE X 195 or 596. 
Mol. wt. of base = 26 H02 = EE 929. 
The equivalent wt. of a base may also be found by titrating with 


standard alkali in presence of phenolphthalein a solution of a crystal- 
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line salt of the base with an acid. The weight of the salt combined 
with one equivalent of the acid is thus obtained, from which the 
equivalent wt. of the acid is deducted to get the equivalent wt. of the 
base. 


There are special methods based on the measurement of osmotic 
‘pressure, viscosity or rate of sedimentation (by an ultracentrifuge) for 
determining the mol. wt. of high-molecular compounds like proteins, 
resins, cellulose, starch, etc. 


es QUESTIONS 


1. A monacid organic base gave on analysis the following results : 
0°1413 g. of substance gave 0°3582 £. of CO, and 0°1904 g. of HO. 


0°1237 g. of substance gave 17°85 c.c. of dry nitrogen at 27°C. and 
750 m.m. 


Its platinichloride contains 33°4% Pt. Determine its molecular 
formula. (B.Sc. Hons., C.U. 1923). 


2. Calculate the molecular formula of a monacid organic base containing 
only H., N, and C from the following data. 


0°2141 g. gave 0°6160 g. of CO, and 0°1621 £. Of water. 0°3120 g. of its 
Platinichloride gave on ignition 0°097 £. Pt. (B.Sc. Pass All. Uni. 1934). 


3. On analysis an organic compound was found to contain C = 43'98%, 
C1 = 37-18%, H = 209%. Calculate the empirical formula. Given that the 


compound is a monobasic acid, write the molecular formula. (B.Sc. London, 
1925). 


4. 0'6 g. of a substance was dissolved in 10 g. of acetone. An elevation 
of 167°C was observed in the b.p. of the solvent. Calculate the mol. wt. of 
the substance. K for acetone is 167. (B.Sc. Punjab, 1914). 


5. In a determination of mol. wt. of a substance by Victor Meyer's 
method, 0°1680 g. of the substance gave 49°4 c.c. of vapour at 20°C and 
40 mm. Calculate the mol. wt. of the substance. (B.Sc. Agri., Punjab, 1926). 


6. Two solutions containing respectively 7'5 g. of urea, CON,H,, and 


42:75 fg. of a substance X in 1000 £. of water, freeze at the same temperature. 
‘Calculate the mol. wt. of X. 


7.. Calculate the mol. wt. of an unknown, organic liquid from the 
following data Obtained from Victor Meyer's experiment at 14° and 718 mm. 


‘Wt. of substance taken—0'2427 Eg 
Vol. of air measured—24'3 c.c. 
Aqueous tension—12 mm. 


8. Describe in some detail how you would find out the mol. wt. of a 


substance in Solution by determining accurately the lowering of the freezing 
Point of the solvent. 


In an experiment of this kind, a solution of 1°9 g. of substance in 128 g. 
of Water froze at —0'36°C. Calculate the mol. wt. of the substance (K=18°6°C 
ber 100 g. of water). (Cambridge Higher School Certificate). 


19. A monobasic Organic acid gave on combustion the following percentage 
composition: Carbon, 39:95 and hydrogen, 6°69. 0°2565 g. of the silver salt 
of the acid gave on ignition 0°1659 £. Of silver. Calculate the molecular formuia 
of the acid. (B.A. & B.Sc. Degree Exam., 1942, Andhra Uni). 


AMINA ASAE. os ham 


CHAPTER IV 


STRUCTURE OF MOLECULES AND CLASSIFICATION OF 
ORGANIC COMPOUNDS 


Atomic structure, —Atoms of Which matter is composed, consist 
of three distinct sub-atomic particles called electron, neutron and 
proton. The electron is negatively charged, carrying 1602 x 10- 
coulombs or 48024x10-0 esu. of electricity; it has a mass 
9°11 x 10-28 g. which is sys Of the mass of the hydrogen atom or 
0'000544 on the ordinary atomic scale. Cathode rays, produced during 
electric discharge through a gas at extremely low pressure in a vacuum 
tube, consist of electrons. Metals at high temperature emit electrons 
as do, radio-active substances during disintegration. Electrons from 
different kinds of matter are identical. The neutron, as the name 
signifies, is electrically neutral ; it has a mass 100898 on the atomic 
weight scale (oxygen = 1600) which is almost the same as the mass of 
the proton. Neutrons are discharged when beryllium is bombarded 
with a-particles; heavy hydrogen (deuterium) under the influence otf 
X-ray of short wave-length, also emits neutron. Neutrons are very 
effective in disintegrating atomic nucleus (in atom bombs, for example) 
Which does not repel the neutral neutrons. The proton has a positive 
charge which is equal in magnitude to that of the electron, viz. 
48024 x 107° c.s.u. It has a mass 10081 (oxygen = 16:00). When 
an electric discharge is passed through hydrogen at low pressure, 
protons move towards the cathode. It may be noted that the proton 
and the hydrogen atom have the same mass. Both the proton and the 
neutron have diameter of the order of 10-:° cm. The neutron may 


“ be looked upon as a fusion product of the proton and the electron. 


According to the modern theory, the atom of an clement 
consists of 

(i) A positively charged nucleus containing protons and 
neutrons, associated together in a manner not yet clearly under- 
stood. The number of protons is equal to the atomic number 
of the element, which indicates its position in the Periodic Table. 
The sum total mass of the protons and the neutrons almost 
exactly represents the atomic mass inasmuch as the mass of the 
electrons present in the atom is negligible compared with that of 
the proton and the neutron. In other words, the atomic weight 
of an element is virtually equal to the number of Protons plus 
the number of neutrons in its nucleus. The total charge of the 
protons obviously represents the net positive charge of the nucleus 
because the neutrons carry no charge. 

(ii) A set of electrons, moving round the nucleus in definite 
orbits, somewbat like the planets round the sun in the solar 
system, the number of which is equal to the number of Protons 
present in the nucleus. The total negative charge carried by the 
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Planetary electrons thus exactly neutralises the total positive 
charge of the protons in the nucleus, with the result that the 
atom as a whole is electrically neutral. The electrostatic attrac- 


tion between the positive nucleus and the negative electrons 
accounts for the stability of the atom. 


The difference between the atomic weight (oxygen = 16°00) and 
the atomic number of an element, therefore, gives, to the nearest whole 
number, the number of neutrons present in the nucleus. 


Physical constants of some particles 


Particle Mass Diameter Electric charge 

(0 = 16) (cm) sign magnitude 
Electron 0°000544 —- negative 48024 X 10-" e.s.u. 
Proton 10081 10-2 positive 48024 X 10-" e.s.u. 
Neutron 10089 IO neutral Zero 
Hydrogen atom 10081 0°6 X 10-° neutral Zero 
Carbon atom 12000 154 X 10-° neutral Zero 


The electrons group themselves in definite order in the shells 
round the nucleus; thus the first shell (K shell) contains a maximum 
of two electrons, the second (L shell) has not more than cight, the 
third (M shell) accommodates eighteen at the highest, and so on. 
In the outermost shell, however, the number of electrons Coes not 
exceed cight. The number of electrons in the outer shell of the 
atom of an element mainly determines its valency ; in chemical reac- 
tions, only the outer electrons are disturbed. 


Structure of individual atoms.—Hydrogen. the first clement in 
the Periodic Table, has the simplest atomic structure; a single proton 
constitutes the nucleus and a single electron occurs in the outer shell. 
Helium, the next member, with atomic number 2 and atomic weight 


(0 N [0] F Ne 


Fig. 18a 


4, has a nucleus of 2 Protons and 2 neutrons; it has 2 electrons in the 
outer shell. Lithium, following helium, has atomic number 3 and at. 
YE 7; it has 8 protons and 4 neutrons in its nucleus, and 1 electron 
in Land 2in K shell. Carbon has atomic number 6 and at. wt. 12 5 Soit 
has 6 protons and 6 neutrons in the nucictis, there are 2 electrons in 
its K shell and 4 in the outer Ting. Neon, the inert gas following 
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fluorine, has 10 Protons and 10 neutrons in the nucleus and 2 electrons 
in its K shell and 8 in the L shell. The atomic structures of the first 
tcn elements in the Periodic Table are roughly indicated in Fig. 19a. 


Since the noble gases He, Ne, A, Kr, Xe and Ra have the maxi- 
mum number of electrons in the respective outer shells and their 
complete inertness indicates the exceptional stability of their Structure, 
it is believed that the electronic arrangement of inert Eas type i.e., 
8 electrons in the outermost shell (2 in the case of He) confers the 
maximum stability (octet rule). We, therefore, assume that in chemical 
reactions the natural tendency of the atoms taking part is to attain the 
stable structure of the inert gases either by taking electrons in, or b 
parting with electrons from, the outermost shell (W. Kossel, 1916). 
PBr; (10 electrons), SF, (12 electrons), IF, (14 electrons), OsF, (16 
electrons) are, however, exceptions to the octet rule. 


The electronic theory of valency.—Our ideas about the atom 
and its combining power i.e., valency have undergone radical changes 
during the last forty years. The nature of the chemical bond is now 
more clearly understood in the light of modern atomic structure con- 
ceived by Rutherford, Bohr, Moseley and others. It is believed that in 
chemical combination, a change occurs in the number of electrons in 
the outermost shell of an atom, and that the normal tendency of the 
atoms, taking part in a chemical reaction, is to adjust the electrons in 
their external shells so as to attain the electronic configuration of the 
nearest inert gas in the Periodic Table. There are two distinct Ways 
in which an atom can combine with another viz., (i) by transfer of 
electron, forming what is called an ionic, polar, electrovalent or electro- 
static bond and (ii) by sharing electrons and forming a covalent or non- 
polar bond. 

The ionic bond. —Some atoms can attain the inert fas structure 
by losing or gaining one or more electrons. For example, of the 11 
extra-nuclear electrons that sodium has, 2 are in the K shell, 8 in the 
L shell and only one in the outermost shell, which is its valency electron. 
Sodium, therefore, readily loses this electron and attains the structure 
of neon having 10 electrons, 2 in the K shell and 8 in the L shell. By 
losing one negative charge, sodium becomes a positively charged, mono- 


©O-©) 


Neutral sodium Positive sodium Neutral chlorine Negative chlorine 
atom ion atom ion 
Fig. 18b. 


ent ion, Nat. Chlorine, e#the other hand, has in all 17 electrons 
LG: 2 occur in the K shell, 8 in the L shell and 7 in the outermost 
shell ; these 7 are its valency electrons. Chlorine, therefore, acquires one 
more electron and attains the electronic structure of argon which has 
a total of 18 electrons, 2 in the K shell, 8 in the L shell and 8 in the 


8 
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M shell. Chlorine with an additional negative charge becomes ‘a 
monovalent negative ion, CF. 


When sodium combines with chlorine to give sodium chloride, 
NaCl, sodium parts with its only electron in the outer shell, which 
chlorine takes up to complete its octet of outer she!l; in solid sodium 
chloride, the posiiively charged sodium ion holds the negatively 
charged chlorine ion in juxtaposition by electrostatic or coulomb forces. 
It is, therefore, termed electro-valency (Langmuir, 1919) or an ionic 
bond. (Only the outer electrons are indicated by dots below). 


Na: + ‘CI: => LN) [CIT 


There may, of course, be more than one ionic bond between a 
pair of atoms e.g., in calcium oxide, calcium transfers its two outer 
electrons to oxygen that has six in its outer ring, Ca++ and O-- thus 
result; these are held together in calcium oxide by ionic bonds as in 
NaCl. Anion may consist of more than one atom, e.g., the ammonium 
ion, NHYt, or the nitrate ion, NOj. The ionic or polar bond breaks 
readily when the compound is dissolved in an ionising solvent such as 
water, giving rise to oppositely charged and independently mobile ions 
which conduct electricity. Thus there exists no intimate structural 
connection between the ions in a polar compound, the individual atoms, 
having ionic bonds between them, are not oriented in any fixed manner. 
This ionic connection in a polar compound, strictly speaking, is not a 
linkage. Compounds with ionic bonds have usually low volatility ; they 
melt or boil at high temperature and rarely burn readily. These 
include most inorganic and some organic compounds. They are 
Senerally reactive chemically. ‘They dissolve in water but not in non- 
polar solvents like benzene or ether. An atom ora group -of atoms 
never exhibits an clectrovalency higher than four. 


THE . The covalent bond.—As already stated, the atomic structure of 
Inert gases may be attained by the mutual sharing of electrons 
as well. ‘Thus an atom 
of hydrogen contributes 
its only outer electron 
to another atom that 
shares it, forming a 
molecule of hydrogen; 
each hydrogen atom in 
the molecule having two 
২ electrons in its outer 
Fig. 18c. Hydrogen molecule. shell, attains the struc- 
b ture of helium (Fig. 
ly unicovalent; it, however, exhibits uni- 
€.8., in sodium hydride, NaH. 
Na’ + H'—_> Nat H 
ৰ 1 of water, th 2 1 
ig Shen onc WI Sa Sn arg having 0 clecnons 
ectronic configuration of neon by 2 FRE AAD 
ye Ppicting its octet 


18c). Hydrogen is normal 
clectrovalence sometimes, 


Similarly, in the formatio 
In Its outer 
attains the 


(Fig. 18d). 
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But water is not a purely covalent compound inasmuch as it has 
a small electrical conductivity. Therefore, it slightly ionises as 
HO > H+ + OH" 
The oxygen of an undissociated water molecule donates one of its 


lone pairs of electrons to this proton forming a hydronium or hydroxo- 
nium ion, H,O+. The net result is 


H:0:H + H:0:H <> [H:0:HJ+ + [:0:H]- 
H 


In the donating water molecule, the oxygen becomes tercovalent 
uni-electrovalent. 


° 
° e bd °° 0 
্ (AO ANe 
ar Hz ই a\ +8 Jo 
° 
hd © oe 
Fig. 18d. Water molecule. 


An atom of carbon with 4 electrons in its outermost shell likewise 
shares one electron with each of 4 hydrogen atoms and f{orms 
methane, CH,, attaining thereby ihe structure of neon (Fig. 18e). 
Carbon is almost invariably quadricovalent. 


HH 
+1 


Fig. 186. Methane molecule. 


A bond in these cases is formed between two atoms by a pair of 
electrons or duplets held jointly by both. It is called a covalent bond 
(G. N. Lewis, 1916). All inorganic compounds that are non-electro- 
lytes as well as most organic compounds have covalent linkages. They 
do not usually dissociate as ions in solution and so are non-conductor 
of electricity. They generally have low melting and boiling points 
burn more or less readily and are soluble in non-ionizing solvents such 
as hydrocarbons. Oxygen is di-, and nitrogen is tri-covalent. The 
maximum covalency an atom can exhibit is represented by the differ- 
cnce of the number of electrons it has.in the outer ring and the 
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number the inert gas, following it in the Periodic Table, has in its 
external shell. Polycovalent atoms may combine by sharing two or 
more electron pairs; e.g., in carbon dioxide and hydrogen cyanide the 
linkages are 


-0: + Le + -0- —> :0::C::0: 
H+ -C: + N: —> H:C:::N: 


A similar mode of combination exists between two carbon atoms in 
ethylene, C,H,, and acetylene, C,H.. 


HH 


H: :H HG :G.-H 
Ethylene Acetylene 

Each shared pair (or duplet) is equivalent to an ordinary valence bond, 
two such pairs or four electrons constitute a double bond, three pairs or 
Six electrons make a triple bond. A quadruple bond between two atoms would 
imply the sharing of 4 duplets between them; this is impossible unless the 
atom be flat. That is why such bonds are not met with. 

Some compounds may have loth covalent and electrovalent 
bonds, e.g., in ammonium chloride, NH,Cl, N and 8H are linked by 
covalent bonds while NHC? and Cl- are connected by an electrovalent 
bond. In ammonium salts, therefore, nitrogen is quadricovalent uni- 
electrovalent. Certain compounds may behave as covalent as well 
as electrovalent form under different conditions, e.g., hydrogen chloride 
1s covalent in gaseous state but electrovalent in aqueous solution wherein 
it behaves as a strong electrolyte (vide Chapter IX). 


. A covalent bond, unlike an electrovalent bond, represents an 
intimate structural connection between the atoms; in the molecule, 
the atoms have definite positions which they cannot change normally. 
Consequently, the molecule has a definite shape. We shall see presently 
that the valency bonds of carbon, which are covalent, make definite 
angles with one another. Organic compounds which are mostly 
formed by covalent linkages, ‘dissolve in organic liquids which are 
generally non-polar ; they do not, as a rule, ionise in solution as their 
atoms cannot fall apart when dissolved. Compounds like sodium 
acetate, CH,COONa, Or sodium methyl, CH,Na, contain both covalent 
‘and ionic bonds like ammonium chloride. Molecules having opposite 
charges on its atoms such as, Nat+CI- and CHINE are called polar; 
they are more reactive an সঃ 
polar compounds. 


Co-ordinate covalency. In the third type of chemical bonding, 
closely resembling the covalent bond, the electron pair is not equally 
He ESE মি TE atom only; the other .atom receives 

ঠ he fo is called donor and the টু i 
rently saturated compound such as an latter acceptor. An appa 


h ammonia, NH,, combines with 
HCl to form an ammonium ion, NH+ ণৃ i 


Ll LU 4, as follows. In ammonia, the 
outer shell of nitrogen is complete with 8 electrons ; one pair of 


d less volatile than otherwise similar non- 
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clectrons is, however, unshared, i.e., not attached to any other atom. 
This lone pair has a tendency to combine with another atom and 
complete the octet (duplet in the case of hydrogen) of the latter. 
Ammonia cannot unite with a hydrogen atom by sharing electron 
inasmuch as the outer octet of nitrogen would be exceeded thereby. 
It can, however, combine with a hydrogen ion (which has lost its 
electron) as shown below; the positive charge of the hydrogen ion is 
assumed by the ammonium ion. Tertiary amines, as well shall see 
later on, likewise combine with oxygen to give amine oxides, R,NO, 
the nitrogen atom supplying both the electrons for the formation of 
a bond between nitrogen and oxygen. 


H H 
HN: + [HI+ > BR 
H H 
Ammonia Hydrogen ion Ammonium ion 
R 
Ro: N +0 — 
Tertiary amine Amine oxide 


This is known as co-ordinate or dative link as one atom donates 
the lone pair of electrons. The structure is indicated by an arrow- 
head pointing from the donor towards the acceptor atom e.g., RIN > O. 
The virtual transfer of a duplet from the R,N molecule which is electri- 
cally neutral, to the neutral oxygen atom disturbs the electrical 
neutrality of both; in amine oxide, the RN portion has a tendency 
to assume a positive charge and the oxygen atom a negative charge. 
This is usually indicated by positive and negative signs (often in 
circles) placed against the donor and the acceptor atoms respectively, 
e.g., RsN +O". 

A co-ordinate bond, therefore, differs from the covalent bond only 
in its mode of formation ; it has an additional bonding due to polar 
charges. Some of its characteristics are consequently common to 
covalent as well as electrovalent bonds. So it is also called a semi- 
polar or semi-ionic bond. The line of demarcation between covalent 
and clectrovalent bonds is not quite sharp; many compounds with 
covalent linkage exhibit polar characters due to unequal sharing of 
clectrons between atoms. When the sharing of clectrons between 
adjacent atoms in a molecule is equal, it is called homo-polar : if not, 
the molecule is hetero-polar. 

Hydrogen bonding. —There are convincing evidences to show 
that hydrogen, though univalent, can under certain circumstances, 
behave as a bivalent element, holding two atoms with sufficient 
tenacity. The proton of hydrogen apparently forms a bridge between 
the atom with which the hydrogen atom is already linked in the 
chemical sense and a second atom in the same or another molecule. 
This is called hydrogen bridge or hydrogen bond. Hydrogen usually 
forms such bonds between electronegative elements with small atomic 
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radius, e.8., N, O, F and S, the mechanism of which is not yet quite 
clear. The strength of the bond generally increases with the increasing 
clectronegative character of the atoms bridged by hydrogen. The 
hydrogen bond is also formed between carbon attached to a strongly 
electronegative group and oxygen or nitrogen. The bond is usuwly 
indicated by a dotted line, but sometimes an arrow is a'so uscd. 
Dimerisation of hydrogen fluoride, high boiling point of water (which 
has a low molecular weight) due to association, etc. are accounted for by 
hydrogen bonding: 
rE 
F—H-.-F-—H LH OF HO HO 

Similarly, association of alcohols, dimeric nature of formic acid, 
Etc. as also the miscibility of lower alcohols with water may be satis- 
factorily explained by hydrogen bonding as we shall see later on. 
It is an clectrostatic bond between positive hydrogen and negative 
oxygen or fluorine. Electron diffraction methods have shown that the 
9Xygen-to-oxygen distance in each O—-H--- 0 bond is 267A but the 
O-_H distance from one Oxygen is 10A and from another 1°67A. 
The hydrogen is closer to the oxygen to which it is linked covalently 
than to the one to which it is attracted clectrostatically. The hydrogen 
bond is much weaker than a covalent bond, and very much similar to 
van der Waals forces. Intramolecular hydrogen bonding leads to ring 
(5- or 6-membered) formation or chelation, and intermolecular hydrogen 
bonding results in association. Energy required to break a hydrogen 
bond is only about 10 kg.cal. mole for HLF ---H, 7 for H-O--:H and 
2 for HN ---H, compared with the bond energy of O-H (1102), H-H 
(108-4), C-H (87:8) and C-C (58:6) in covalent bonds in gaseous molecules. 

The valency of carbon.—The existence of a vast number of stable 
organic compounds may be explained by the electronic structure of 
the carbon atom; it occupies the central position in the first period 
of the Periodic Table. It is neither electro-positive nor electro-negative. 
Its affinity for electropositive elements like hydrogen is the same as 
that for clectronegative elements such as Oxygen or chlorine. So carbon 
forms equally strong covalent bonds with H, O, S and the ha'ozens 
as with itself. With four electrons in the outer shell, it can combine 
with four univalent atoms or groups of atoms. It thus attains an inert 
fs structure having an outer ring of eight electrons. This octet is 
fully shared and cannot expand, 4 being the maximum valency of 


Ee Hence carbon atoms in organic compounds can act neither 
4 EE ৰ acceptors. The neutral carbon atom would require 
£ eectrons to form the carbon ION; C7 =, this is quite large. Carbon, 
in most of its compoun 


ds, is covalent ; i i V' 
EOD L MO organic compound is known 
to give simple carbon ions, C--—— { £ঃ P 0 
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in the classical way by a stroke, between the atoms bonded together. 
We now recognise his symbol of valency as a covalent bond, each 
stroke representing a pair of shared eclec- 
trons. The four covalent bonds of carbon 
subtend equal angles viz., 109°28’ with 
one another; with the carbon atom at the 
centre of a regular tetrahedron, these 
covalent bonds are directed towards the 
four corners (Fig. 181). X-ray analysis of 
the diamond crystal shows that each carhon 
atom is linked with four adjacent carbon 
atoms in the same pattern. It has also Fig. 18f 
been established that all the four va‘enc'es ES 
‘of carbon are equivalent. Methane, CH,, 
has the following graphical. formula or structure. For convenience, 
however, it is represented in one plane by (i); the spatial arrangement 
is shown in Fig. 18g. 


Valency bonds of carbon. 


H--C—H 


6) 
Fig. 18g. Methane molecule. 


Classification of organic compounds.—The study of the vast 
number of carbon compounds has been simplified by dividing them 
into a small number of groups or families such as hydrocarbons, 
alcohols, fatty acids, aldehydes, ketones, etc. Members of each family 
possess certain characteristic properties by which they can be distin- 
uished ; they are prepared by more or less similar methods. Indivi- 
dual members of each group, however, differ from one another in some 
physical properties TEA graded. manner, e.g, the melting point 
gradually rises as the molecular weight increases. The contrast be teen 
One family and another as regards physical and chemical properties as 
well as mode of preparation, 1s, however, marked. In our study, there- 
fore, we pay more attention to family characteristics than to individual 
members. For convenience, organic compounds have been divided, 
according to similarity in structure, into two broad classes, viz., 
(i) aliphatic and (li) aromatic. ¢ 

The aliphatic are generally open-chain compounds; the term 
comes from Greek aleiphar, meaning fat, since vegetable and animal 
fats have open-chain structure. The aromatic are closed-chain or ring 
compounds, so called originally because of the aroma or smell which 
many of them possess. But some closed-chain compounds belong to the 
aliphatic group and numerous compounds devoid of aroma are aromatic. 
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HE CH 
CH,.CH..CH..CH..CH..CH, HEL CH 
Normal hexane, C.H,,, (aliphatic) HCO GE 


Benzene, CH,, (aromatic) 
Linking of carbon atoms. —Carbon atoms, as already stated, can 
combine with one another by one or more covalent bonds. Thus we 
have 


ED H i EEL fl ip H 
| ol [ 
H—C—C—H H—-C—C—C—C—H H—C—H H—C—H 
| LAL) H H H | H 
H H HHH { | | ! 
Ethane Normal butane H ff f If H H—C—C—CU—H 
I || 
HET HH HHH H | H 
dl lie dl Isobutane H—C—H 
H—C—C—H C=C || 
Ll Jel H 
H—C—C—H H H Neopentane 
[ll Ethylene 
H H H—C=C—H 
Cyclobutane “Acetylene 


When several carbon atoms unite, a carbon chain—straight (as in 
normal butane) or branched (as in isobutane or ncopentane)j—may be 
formed ; it may also be closed as in the case of cyclobutane, 


If in a molecule the carbon atoms are linked with one another by 
single covalent bonds, it is saturated ; such compounds form derivatives 
only by the replacement of an atom or group by another. Methane, 
ethane, etc. are saturated compounds. If there De one or more pairs 
of carbon atoms in the molecule, connected by two or three covalent 
bonds, the compound is unsaturated. These add on monovalent atoms 
Or groups to form derivatives, e.g., ethylene and acetylene. 


Compounds containing unsaturated groups such as C=O, Cs N, 
N=0, etc. are also unsaturated in the accepted sense of the term, 
Inasmuch as they undergo addition reactions. Unsaturation may as 
well be confined to a single atom in the molecule, e.g., triphenyl- 
methyl, (C,H,),C. We shall, however, in this elementary book restrict 
the term unsaturated to compounds having multiple bonds between 
carbon atoms only. 


CHAPTER V 
The Aliphatic saturated hydrocarbons: the paraffins, Cp, H,n+s 


The simplest organic compounds are the hydrocarbons, compounds 
of carbon and hydrogen. Others may be considered as derived from 
ndirect replacement of hydrogen by other atoms or 
groups. The aliphatic or open-chain hydrocarbons may be saturated 

The former, briefly called alkanes, are more 


or unsaturated (p. 40). 
commonly known as paraffins’ ; the first member of the paraffin familv 


is methane. 

Methane, CH,, is a gas often found issuing out from marshy 
lands, whence the name marsh-gas. It is formed by bacterial decom- £ 
position of vegetable matter under water. A little phosphine, PH,, 
accompanies the gas, which makes it spontaneously inflammable, 
causing the formation of ‘will-o -the wisp’. Methane is the chief 
constituent (about 85%) of natural gas from oil-wells in petroleum 
districts in U.S.A. The ‘eternal fires of Baku’ were due to the ignition 
of natural gas from the oil-fields. ‘The gas is also found in coal-mines 
(known as ‘fire-damp' : German dampf vapour) and Was in the past the 
cause of severe explosions in mines. Coal-gas contains 85-40% methane 
by volume. It is present in human intestinal gases—may be up to 

During disposal of sewage by the activated 


50% after a pulse diet. Dur বি 1 
sludge ELE! a gas containing about 70% of methane is evolved. 
Preparation : (1) Methane is usually made in the laboratory by 


heating fused sodium 
acetate with three 
times its weight 
of soda-lime (quick- 
lime slaked with 
conc. © caustic soda 
solution and tho- 
roughly dried) in 4 
hard glass test-tube, 
‘or Detter, IDEA ES 
copper flask. The 
EAs is collected over 
water. It is not pure, 
‘containing ethylene, 


them by direct or i 


DL etc. ; it has Fig. 19. Preparation of methane. 
a bad odour. CH,COONa + NaOH = CH, + Na.CO.. 
i Methane 


Sodium acetate 
obtained by reacting methyl iodide with zinc-copper 
(2) The Eh alcohol. or water. . Nascent hydrogen, liberated from the 
RE the couple, reacts with methyl iodide : 
CHI + 2H = CH, + HI. 
Methyl iodide Methane 
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About 25 g. of pure. granulated zinc are added to a solution of copper sulphate, 
Zinc is thus coated with a thin layer 
of copper. The granules are taken 
out and washed thoroughly with 
water which is then removed with 
alcohol.  Zinc-copper couple thus 
Prepared is taken in a conical flask 
fitied with a separating funnel and 
a delivery tube (Fig. 20). Some 
alcohol and 2-3 drops of dilute 
H.SO, are added to the flask. A 
solution of methyl iodide in 95% 
alcohol (1:1) is gradually added 
from the separating funnel. A 
brisk evolution of methane takes 
place in the cold. The fas is 
collected over water. Any methyl 
Fig. 20. Preparation of methane from iodide accomvoanying methane may 
methyl iodide. be removed by inserting an empty 
U-tube, surrounded - with freezing 
mixture, at the middle of the delivery tube. Aluminium-mercury couple 
(made by dipping aluminium foil into mercuric chloride solution) may replace 
zZinc-copper couple. 


(8) Water decomposes aluminium carbide at ordinary temperature 
to methane. 
ALC, + 12H,O = 4AI(OH), + 3CH.. 
Aluminium carbide Methane 


Ww The carbide in small- lumps is taken in a flask fitted with a delivery tube. 
ater is added slowly through a tap-funnel, the gas is collected over water. 
€ insoluble aluminium hydroxide, AI(OH),. deposits on the lumps of carbide 


and the reaction slackens after sometime. This may be avoided if water be 
replaced by dilute HCl. 


(4) Sabatier’s method.—When carbon monoxide (or dioxide) 
S passed over finely divided, reduced nickel at 250° (or 800°) together 
with hydrogen, methane is formed. 

CO + 3H, 42 (CH, + HOI 59:7. Kcal- 
Methane 

(5) Methane may also be formed by direct combination of its 
clements. When hydrogen is passed over carbon at about 1200° in 
a porcelain tube, or an electric arc is maintained between carbon poles 
1 an atmosphere of pure hydrogen, we get methane. But the yield 
is poor. 


C+2H., > CH, + 177 Keal. 
Methane 


Properties.—Methane is a colourless, non-poisonous gas with no 
taste or smell. Cooled by liquid air, methane becomes a colourless 
liquid (b.p. —164°) and finally, a colourless solid at —186°. The Eas. 
much lighter than air, is slightly soluble in alcohol. Methane is 
extremely stable; even at 1200° it undergoes only slight decompos tion 
Producing ethane, traces of benzene, etc. The Eas burns in air with 
2 non-luminous flame, and forms a highly explosive mixture with air. 
With excess of oxygen, the products of combustion are CO, and H,O. 
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Methane is resistant to acids, alkalis, meta! j i 
oxidising and reducing agents. This is ON Be 2 TE 
saturated hydrocarbons which are consequently known EA 
(parum little, affinis affinity). Halogens, however, react a Le 
Fluorine does so violently, producing carbon and Fe Lote: a 
Chlorine cannot attack methane in the dark, but in direct ETE 
‘mixture of methane and chlorine explodes: 2Cl, + CH, = C a HEE 
In diffused light, hydrogen is slowly replaced one by one: ৰ 

CH, + Cl, = CHCl + HCI. 
Methyl chloride 
CH,Cl + Cl, = CHCl: + HCl. 
Methylene chloride 
CHCl, + Cl, = CHCl, + HCl. 
Chloroform 


CHOI, + Cl, = CCL, + HCl. 
Carbon tetrachloride 


The process is called substitution and the resultant compound 
substitution product. Bromine gives similar derivatives, but iodine 
yields none. The above reactions are theoretically important, but 
seldom utilised due to their slowness, the difficulty of isolating the 


Products and also the cost involved. 
The mechanism of the reaction is as follows. Light, heat or other 
catalysts split a chlorine molecule into two chlorine atoms. A chlorine atom 


চে from methane, a free methyl radical, -CH,, and HCI 
emoves a hydrogen atom ‘hlorine molecule to form methyl chloride 


thus res El then reacts with a cho { 
ult. CH, in reaction goes on until carbon tetrachloride 


and a chlorine atom. This chain 
is formed. Cl, —> 2c! 
0: 4+ CH, —> ‘CH, + HCI 


‘CH, + Cl —> CH:CL+ CF 

f hane into formaldehvde; it th 
0 TS converts met 3s It thus 
zonised oxy t for methane as formaldehyde can be readily 


serves as a delicate tes 


detected by colour test. 
$ Eo EEO 
Methane Formaldehyde 


steam, passed at 800° ov ickel 
+ i ff methane and steam, passe er nicke 
ELE ir ROE and carbon monoxide. The latter reacts with 
HE ন presence of ferric oxide ge give carbon dioxide and 
hydrogen. Industrial hydrogen 18 thus made. 
) CH, + H.0 = CO + 3H.. 
CO + HO = CO: + HF: 
j ly 1000 B.T.U. of h 

- ce on combustion nearly eat per 
£1 A I is used chiefly as fuel in U.S.A. In Roumania, it is 
, 0 be burnt in air for obtaining nitrogen which is 
EE with Cac, to produce calcium cyanamide, CaCN,, a manure. 

dehyde are made by the partial oxid 
Icohol and HOLTOE Cent < TAC 
tion Rast under suitable conditions. Methane is obtained by 
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the bacterial decomposition (e.g., with horse dung) of waste vegetable 
matter (chiefly consisting of cellulose) below 60°. 


2CH, + 0, = 2CH,OH. CH, + 0. = HCHO + H.0. 
Methane Methyl alcohol Methane Formaldehyde 


U.S.A. makes carbon black (about a billion 1b. yearly) by the incomplete 
combustion of natural £as. The carbon is used in automobile tyres, printer's 
ink, gramophone records, typewriter ribbons, paints, etc. Ee 

Ethane, C,H 


ss like methane, occurs in natural gas (about 10%) 
and Ccoal-gas. 


্‌ Preparation. Methods of preparing methane Senerally apply to 
ethane. 


(1) Sodium Propionate, distilled with soda-lime, gives ethane: 


CH,.CH.COONsু + NaOH = Na.CO, + C.H.. 
Sodium propionate . Ethane 


(2) Zinc-copper couple in presence of ethyl alcohol reduces ethyl 
iodide to pure ethane: 


CHI + 2H = CH, + HI. 
Ethyl iodide Ethane 
(8) Ethane is also f 


ৰ ormed when methyl iodide or bromide reacts 
in dry ethereal s j 


olution with clean metallic sodium. 


CH.|T+2Na FT CH, = 2Nal + CH. 
Methyliodide — Ethane 


g This is Wurtz Reaction. Frankland first effected the synthesis with zinc. 
+ A. Wurtz (1817-1884), a French chemist and pupil of Liebig, discovered the 


FELON in 1855. With two different alkyl halides, three hydrocarbons are 
Ormed ; their Separation is not, however, easy. 


(4 Electrolysis of a concentrated, aqueous solution of an alkali 
Acetate gives ethane and carbon dioxide at the anode. This 
Was discovered by the German chemist A. W. H. Kolbe in 
16848 and is called Kolbe synthesis. 

EES REO ELONE CH, + 2C0. + Hi. +- 2NaOH. 
CH,!co 0 Na Ethane 
Sodium acetate 
(5) A mixture of ethylene and hydrogen, passed over finely divided 
nickel at high temperature, gives ethane: 
CH, + H, = CH. 
Ethylene Ethane g 
Properties. —Ethane closely resembles methane in 
chemical Properties, e.g., it is a colourless, odourless and tasteless gas, 
practically insoluble in water but soluble in alcohol. The gas can be 
liquefied at 4° under 46 atmospheres pressure; the colourless liquid 
boils at — 89°. Tt is quite as stable as methane and equally inert chemi-_ 


cally With. chlorine Neinilar substitution products i 
finally ea P are obtained and 


Physical and 
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CH. Cl = GC HCI HCI, and similarly with 
Ethane Ethyl chloride ET 
CHCl —> CHCl. -—> CHCl, —_ 2 {CaAHLGL, 
Dichloroethane Trichloroethane Tetrachloroethane 


CIE oS (NEL 
Pentachloroethane  Hexachloroethane 


Propane, C,H, and butane, C,H,,, follow ethane in the para- 
flin series. Propane occurs appreciably in ‘casing-head gas’ (natural gas 
coming from oil-wells up the casing pipe during drilling). It is 
obtained therefrom by absorbing with active charcoal and expelling 
from the latter by steam. It may be prepared by any of the general 
methods (p. 49). It resembles methane and ethane, and fives similar’ 
substitution products with chlorine; it is, however, slightly more 
reactive. Liquid propane is employed in refining lubricating oils. 
There are two butanes, normal and iso-, both occur in natural gas 
(also in casinghead gas) and are obtained therefrom. Normal butane 
may be prepared by Wurtz method from ethyl iodide, C,H,I, and 
sodium, and iso-butane by reducing iso-butyl iodide, (CH,),.CH.CH,I. 
They resemble propane. In presence of AICi, and HCl, n-butane passes 
on reversibly to iso-butane. Mixed with dry air, butane is employed as 
a standard fuel for the heat treatment of specific steels. Butanes are 
also mixed with water-gas to make the flame luminous. In U.S.A. 
liquefied propane and butanes serve as cooking fuel. 

Pentanes, C;H,., normal, iso- and neo-, occur in petroleum and 
natural gas; petroleum ether is mainly a mixture of pentanes and 
hexanes. Normal pentane, CH,(CH.),CH,, boils at 36°, isopentane, 
(CH,).CH.CH,.CH,, at 28° and neopentane, (CH,),C, at 94°. The 
mixture of pentanes is chlorinated mainly to mono-chloro-pentanes 
and used as solvent. A mixture of alcohols obtained by hydrolysing 
the chloropentanes is also a commercial solvent. Normal pentane is 
used in thermometers for measuring low temperature. 


There are many other saturated hydrocarbons—about 2000— with 
increasing number of carbon atoms, such as hexanes, CH, heptanes, 
CH, ,, octanes, C;H,s, and so on. 


Homologous series.—We have seen that methane, ethane, 
propane, butanes, etc., closely resemble one another ; e.g, all are practic- 
ally insoluble in water, quite stable, chemically inert, give substitution 
products with chlorine, etc. If the aliphatic hydrocarbons are arranged 
in order of their increasing molecular weights, they are found to 
correspond to a general formula, C,H, t.e., if there are n carbon 
atoms in a molecule, it has 2n+2 hydrogen atoms. Each member 
differs from its preceding or succeeding one by a -CH,- group. A 
group of closely related compounds that can be expressed bya general 
molecular formula and in which consecutive members differ by a -CH.- 
group, is called a Homologous series; the individual members are 
termed homologues (Greek homos same, logos ratio). They can be pre- 
pared by similar methods. The chemical properties of members are 
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more or less similar; their Physical properties show a fairly regular 
gradation with rise in molecutar weight (vide Table below). ‘There are 
many homologous series in Organic chemistry and each may contain 


several hundred homologues. The study of organic chemistry is largely 
a study of the various homologous series. 


The, paraffins, C,H 


2D+ 3 
Name Formula m.p. °C b.p. °C sp. gr. at 20°/4° Physical state 
Methane CH, 186 —I166 "554 0°c Gas 
Ethane C,H, —172 —89 540-10 ” 
Propane C,H, 1899. 445 985 nC bd) 
,7-Butane CHS —135 06 ‘601 0°c Ese if 
n-Pentane CH, 1305 36 ‘630 0c Liquid 
7-Hexane CH, —94'3 69 ‘660 ” 
n-Heptane CH, —90°0 98°4 "684 ” 
n-Octane C,H: —565 126 706 ,,°c ঢু 
71-Nonane CH, —51 150 '718 b) 
n-Decane CoH, —32 174 ‘730 + 
#-Undecane C,,H,, —26:5 194:5 ‘741 » 
n-Dodecane CisH. —12 215 bo | oe 
n-Tridecane CH; —6'2 234 "757 " 
n-Tetradecane C,H, 55 252"5 765 0) 
n-Pentadecane CH 100 270 TZ 1 
n-Hexadecans CH, 18 + 2875 E75 Solid 
-Heptacontane CH, 105 — — 


DD) 


The longest Parafii 


m.p. 115° 1 molecule synthesised so far is n-hectane, C,H, 


lsomerism & molecu! 


ar siructure of the paraffins. —The first 
three members 


of the paraffin family viz., methane, ethane and pro- 
Pane, are quite simple and there is only one variety of each. But 
When we come to the four-carbon-atom paraffin butane, C,H,, we 
have two different compounds with the same molecular iormula. 

‘kewise pentane, CH, represents three. Their Properties are some- 
What different. Obviously, the nature and the number of atoms ina 
molecule cannot alone give a complete picture. Compounds which 
Possess the same molecular formula but have different Properties (they 
may not belong to the same homologous series), are called isomers 
(isos, equal ; meros, a Part) or isomerides ; the phenomenon is known 
4s 1s0merism,. Thus CHS represents: 


(5) Normal pentane | 


(1%) Tso-pentane 
(1) Neo-pentane 


CH,,O stands for (1) Butyl alcohol } 


Belong to the same 
homologous series. 


Belong to different 
UUiuUVIOgOUS Series. N 


Hi,.0, st ds f - Y have the same formula. Es 
all in 8 s for 66 different compounds and C,H,,O,N ior 185, 
Bt § known. With Increasing molecular weight, the number of 
P € lsomers in a homologous Series rapidly increases, their 
Dumber can be mathematically calculated. Thus SE ELLE ASSETS 


- 


em ne Por CN ©» 3 
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for CH, 18 for CH, 85 for C,H, 802 for C,H, while C,H, 
may have 366,319 possible isomers! This brings us to the problem ot 
arrangement of atoms inside a molecule. Two or more compounds 
having' the same atoms in the same number have different arrange- 
ments of the atoms in the molecules, i.e., different structures. 


We have to remember that carbon is tetracovalent, and all link- 


ages in paraffins are single. The only possible structures for the first 
three members of the paraffin family are: 


Ti I MEET 
1a] 
Ens YELL and HE CMLL 
| 
H EH H i uu 
Methane, CH, Ethane, C,H, Propane, C,H, 
But butane, C,H,,, may be represented in two different ways: 
He hl 
| | 
EEN BS ES 
FLAEL TL H—-C— C——C—H 
Normal butane | | | 
H H H 
Iso-butane 


In normal butane, the four carbon atoms are arranged in a 
straight chain and no carbon is linked to more than two carbon atoms, 
while in isobutane the chain is branched; it has a carbon attached to 
three other carbon atoms. This graphical representation of a mole.ule 
is its structural formula (or constitution). ‘The properties and 
behaviour of a molecule can largely be explained by its constitution. 


The three pentanes may be structurally represented as 


Ee [sd He: 
| || 
ETF METS I 
lel | | l 
H IF Ist Ost, Tet HH—C—HH MH 


Normal pentane || 
H 


Iso-pentane 


H 
H HCH H 
and H Ed Mr SIU C;H;,, Neo-pentane 
kh HCH H 
fy 


Straight-chain isomers are called normal isomers. Normal 
pentane has -CH,- groups, known as primary groups. Isopentane has 


a —C—H group, termed secondary group, while neopentane contains 


I 
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a carbon atom linked to four other carbon atoms; —C— isa tertiary 


group. Though with the most powerful instrument such arrangements 
are not directly visible, there are convincing proofs 


for their 
existence. 


Radicals.—By replacing a hydrogen of methane, CH,, by 
chlorine, we get chloromethane, CHCl, better known as methyl 
chloride. Other clements, or groups of elements, such as Br, I, or 
—NO,, —OH, —CN, etc., can directly or indirectly replace the 
hydrogen of methane: 


CH, 
Methane 
ol 


CH,CI 
Methyl chloride 
Y 


Y AsNO, + KOH ৰি + KCN 
CH,NO, CH,OH CH.CN 
Nitromethane Methyl! alcohol Methyl cyanide 


Thus we get a set of compounds— CH,Cl, CH,NO,, CH,OH, CH,CN, 
etc. in which the -CH, group of methane survives chemical reaction ; 
It behaves like inorganic radicals such as -OH, -NO,, -NH,, etc. The 
CH,- is a monovalent organic radical, termed methyl. Thus, CH,Br is 
methyl bromide, CH,OH is methyl alcohol and so on. Similarly, 
from ethane, C,H, we have ethyl chloride, C,H,Cl, ethyl alcohol, 
CET: OF ete, LCF — being the ethyl radical. C,H;,— and CHy— 
are propyl and butyl radicals respectively. The general term for these is 
alkyl radical. A radical is named from the hydrocarbon by replacing 
the last syllable with -yl. In methyl alcohol the hydroxyl group, — OH, 
reacts readily and mainly determines its properties ; it is called the 
functional group. Similarly, —CHO and —CO- are functional 
groups in aldehydes and ketones. 

If two hydrogen atoms be removed from a paraffin, correspond- 
ing divalent radicals methylene, —CH,-—, ethylene, —CsH,—, etc, 
result. These are called alkylene radicals. Unlike inorganic radicals, 
some organic radicals exist in the free state though for a very short 
while. The mechanism of many organic reactions is satisfactorily 
explained by free radicals. 


Nomenclature of the paraffins.—Except the first four members, 
methane, ethane, Propane and butane, the names of other paraffins 
are derived from Latin or Greek numerals corresponding to the number 
of carbon atoms they contain. The names end in ‘ane’ as names of 
metals in ‘um’, There are also other systems of nomenclature. In one, 
the hydrocarbons are regarded as derivatives of methane, the most 


highly branched carbon being called the methane carbon. For example, 
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J % 
0) CH,—C-CH—CH, (i) CH—C—CH, 
H CH, 


Isopentane or ethyl dimethyl methane Neopentane or tetramethyl methane 


For big molecules, the Geneva system (adopted in 1892 by an 
international congress of. chemists in Geneva), is used. Here the longest 
continuous chain is named according to the number of carbon atoms 
Which are consecutively numbered. The compound is designated as 
a derivative of this hydrocarbon. For example, 


1 2 3 4 5) 


CH.—CH—CH.—CH:—CH; CH,—CH,—CH—CH:.—CH, 
|| | 
CH, CH, 

2-Methyl pentane 3-Methyl pentane 


General methods for preparing paraffins.—(1) By reducing alkyl 
balides with Zn-Cu couple, Hg-Al couple, or with zinc and dilute 
HCl, e.g., 

RI + 2H = RH + HL. 
CHI + 2H = C,H, + HI. 
n-Butyl iodide n-Butane 
R stands for an alkyl radical such as —CH., -—C.H;, --CsH;, —C.H,, etc. 


(2) By the action of metallic sodium on alkyl halides (Wurtz). 
The yield is best with primary halides and if the two alkyl radicals 
are identical. Tertiary halides give mostly olefines (p. 56). If two 
different alkyl halides be taken, three paraffins are obtained, viz, 
R,—R,, Ri—R, and R,—R. 

2R—I + 2Na = R—-R + 2Nal. 
2C,H.I + 2Na = C,H, + 2Nal. 
Ethyl iodide n-Butane * 

(8) By heating the sodium salt of a fatty acid with soda-lime. 

The hydrocarbon has one carbon atom less than the parent acid. 


RCOONa + NaOH = Na.CO, + R-H. 
C.H,COONa + NaOH = Na.CO, + CH. 
Sodium valerate 1-Butane 
(4) By the electrolysis of a moderately concentrated aqueous 
solution of potassium or sodium salt of a fatty acid (Kolbe Synthesis): 
The hydrocarbon has more carbon atoms than the fatty acid. If two 
fatty acid salts are taken, three hydrocarbons result. 


2RCOOK + 2H,O = R-R + 2C0: + 2KOH + H.. 


(5) By the reduction of alcohols and fatty acids with HI and red 
phosphorus (suitable for obtaining higher paraffins): 
R-OH + 2HI = RH + HO + I.. 
R-COOH + 6HI = RCH, + 2H.O + 31... 


C,,H.,.COOH + 6HI = CHL 2HO Eh Sh. 
Palmitic acid n-Hexadecane 


Qt 
(<) 
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(6) By adding hydrogen in presence of finely divided nickel to 
unsaturated hydrocarbons: 
CH.=CH, + H, = C,H... 
Ethylene Ethane 
General properties of the paraffins,—At ordinary temperature 
methane, ethane, propane and butane are Sases ; members following 
them up to hexadecane, C,H, are liquid and the higher ones are 
solid. Paraffins are odourless and tasteless. The Easeous and liquid 
members are colourless, but the solid paraffins are white. Their 
boiling points rise fairly regularly with rise in molecular weight but 
their melting points show an alternation effect, rising and falling with 
even and odd number of C atoms in the molecule. The difference in 


physical properties due to an additional -CH,- group decreases with- 


increase in molecular size. ‘The more branched the molecule, the lower 
the b.p. of the isomer (vide table on P- 46). Likewise their sp. gr. also 
increases but the maximum value is 0°78. They are very slightly 
soluble in water, but fairly soluble in alcohol, benzene, etc. ‘They burn 
in air giving CO, and HO. চ 
The paraffins are generally indifferent to oxidising agents. But 
at high temperature, the, higher members (e.g., those from petroleum) 
give fatty acids on catalytic oxidation. Acids or alkalis ordinarily have 


no action on them. Fuming H,SO,, however, attacks the branched- 


chain or higher normal alkanes, e.g., n-hexane, giving sulphonic acids, 
RSO,H, on heating. 
H.SO, + RH = RSO,H + H,O. 

Nitric acid attacks the neo-parafins which are thus converted 
into nitroparaffins: RH+HNO, = RNO,-+ H,0. By direct nitration 
of the paraffins in the vapour phase at about 450°, nitroparaffins are 
made commercially in U.S.A. Chlorine and bromine react with para- 
flins slowly in diffused light yielding substituted halogen derivatives. 
The process may continue until all the hydrogen has been replaced. 
Branched paraffins are more reactive than the corresponding straight- 
chain compounds. Thus ‘paraffins’ are reactive under suitable condi- 
tions. Long-chain hydrocarbons are less stable than short-chain ones. 


Petroleum.—Many of the paraffins are present in natural petroleum 
(petra, rock ; oleum, oil) obtained from underneath the earth (hence 
often called mineral oil, rock-oil Cr earth-oil). Their boiling points are 
s0 close and so many of them occur together that they can hardly be 
isolated in pure state. Our knowledge of petroleum is limited ; many 
of the oils have not yet been completely investigated. About thirty 
hydrocarbons have been isolated from, and identified in, an American 
oil; these represent only 10% of the oil. Smalle amounts of 
naphthenes and aromatic compounds are also found in petroleum. 


In 1849 George Bissel of U.S.A. Tead a newsps illi fl 
salt; the idea of drilling for oil struck ir TE ORE ened? SIO 
Drake for the job, who patiently forced his crude drill nea aw oil spring 
at Pennsylvania and got oil at 69 ft. Huge deposits of petroleum occur in 
the United States, Persia, Russia, Traq, Mexico, and Indonesia, Tn compara- 
tively small amounts, it is found in Burma, India, Japan. Rumania and other 

places. A huge deposit of petroleum has recently been discovered in Arabia— 
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it is believed to be as large as, if not larger than, the oil deposits of U.S.A. 
From the commercial point of view, the oil fields of North America are the 
most important. In 1955, 2°4 billion barrels (1 barrel=42 Eallons) of petroleum 
were produced in U.S.A. alone, this was 43% of the world production which 
was 5°6 billion barrels. U.S.A. has less than 169% of the known world reserves 
In India petroleum is obtained principally from Digboi in Assam, the Khaur 
and Dhulin fields are in the W. Punjab. The total Indian production in 1941 
was 2,270,000 barrels of which nearly 75% came from Assam. In the same 
year, 496,163 gallons of motor spirit were recovered from natural Eas in the 
Punjab. India requires about 40 crores gallons of petrol per year. Her total 
kerosene consumption per year is nearly 25 crores gallons, of which 6 Crores 
used to be imported from Burma. ke 

Petroleum, usually associated with natural gas, occurs in porous 
sand stones. below the surface strata and impervious rocks and is 
pumped up through bore-holes sunk beneath the earth, sometimes 
to a depth of 5,000-15,000 ft. The pumped oil is then led through 
underground pipes—some of which are 1,700 miles long—to the refinery 
at a port or sea-coast for facility of transport. 


Treatment of the oil.—Crude petroleum is obtained as a dark- 
coloured, fluorescent emulsion with sandy soil and water. This is 
warmed with steam coils in iron vessels with conical base, Whereby the 
emulsion breaks up into two layers. The gases which evolve are led 
out by a pipe and mainly used as fuel after removing propane and 
butanes by liquefaction. ‘The upper layer of petroleum is removed and 
distilled in a tall metal tower called fractionating column into fractions 
of different boiling points to suit commercial purposes. Temperature 
limits and names of fractions collected differ in different places. The 
table on p. 58 gives the average fractions of U.S.A. petroleum. The 
black residue left in the retorts is petroleum pitch or asphalt, used as 
a road surfacing and roofing material, protective paint, and in the 
manufacture of rubber. 

‘The fractions are further purified by re-fractionation. The light, 
low-boiling fractions are in great demand for automobiles. They are 
also used in dry cleaning and extracting oils. Kerosene, following it, 
is purified by treating with concentrated sulphuric acid or liquid sulphur 
dioxide, which removes unsaturated compounds and reduces the 
aromatic content, and then with caustic soda, and redistillation. It is 
used as a turbo-jet fuel in jet aircraft, gas turbines, oil stoves and as 
illuminant. The residue remaining after the removal of kerosene is 
further separated above 300° with superheated steam to give the valu- 
able lubricating oil and paraffin wax. The latter is separated from 
lubricating oil by chilling to about —3° and filtering in a filter-press or 
by extraction with phenol. The solid thus obtained is ‘sweated’ by 
warming in shallow pans with false bottoms to remove the adhering oil. 
The product, decolorised with charcoal or powdered clay, is used for 
candle-making, in match industry, for waxed paper, in laundries, etc. 


The residual oil, after purification, forms the liquid paraffin of 
pharmacy, a mild laxative. White oils are highly refined grades of 
lubricating oil, used in making ointments, cosmetics, hair ol, etc. White 
spirit, the lighter fraction of Kerosene, is used for dry cleaning, TEES 
and furniture polishes and as a substitute for turpentine, a paint vehicle. 
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Deodorised kerosene, made by treating with strong H,SO,, washing 
and filtering through fuller’s earth, is a solvent for liniments, hair-tonics 
and antiseptics. Grease is a semi-solid lubricant composed of emulsi- 
fied hydrocarbon oil (lubricating oil) and soda or lime soap with a 
little water as stabilizer. 


Petroleum generally contains sulphur as H,S and alkyl hydro- 
sulphide which give it a foul odour ; these are separated (for they are 
oxidised to acids which corrode the engine) by various means, e.g., by 
absorbents like alumina, by sodium plumbite, etc. Unsaturated hydro- 
carbons and aromatic compounds (which deposit carbon on the engine 
during combustion) are removed by strong sulphuric acid. The oil is 
decolorised with bauxite or liquid sulphur dioxide. 

The composition of petroleum varies from place to place and the 
iast residue, pitch, is also different ; for example, Burma oils yield no 
asphalt (asphaltos, unchangeable) but solid paraffins only whereas other 
Varieties yield mainly asphalt and very little solid paraffin. The Baku 
il contains about 80% of naphihenes but others contain very little of 
these. Some American petroleums are rich in paraffins, others contain 
more of alicyclic or aromatic hydrocarbons. 


By inflammability of a substance, is meant its ability to burn in air. The 
fash-point of an oil is a measure of‘its inflammability. Tt is the temperature 
at which sufficient vapour is produced to explode with air if brought in contact 
with a flame. It differs from ignition-point which is the lowest temperature 
at which the oil continues to burn after a flame has been applied to its surface. 
The flash-point of gasoline is —45°, that of motor lubricating oil is 232°. It 
largely depends on the form of apparatus employed and the manner of deter- 
mination. The flash-point gives an indication of the volatility of an oil; the 
higher the value, the more suitable it is as a lubricant. ‘To minimise fire hazard, 
the flash-point of illuminating oils e.g., kerosene, is generally fixed by law. 


Theories of formation of petroleum.—Various theories have been put 
forward on the origin of petroleum. According to Mendeleeff, metallic carbides 
£.8., iron carbide, in the lower portion of the earth’s crust reacted with steam 
under considerable heat and pressure and gave petroleum. Moissan actually 
Obtained a petroleum-like liquid by the action of water on uranium carbide. 
6x the theory fails to explain the optical activity of petroleum and also the 
Buge oil deposits. Engler suggested that marine animals were decomposed under 
high Pressure and temperature and gave rise to petroleum. By heating fish-oil 
and certain animal fats under pressure, a liquid closely resembling American 
vetrol. has been obtained in good yield. The presence of nitrogen and sulphur 
ompounds, optical activity of petroleum and its association with brine strongly 
Support this view. A third theory has it that petroleum was formed from the 
decomposition of plants under heat and Pressure. The presence of nitrogen, 
Sulphur and chlorophyll derivatives can thus be accou 


nted for. 

Cracking. —A large demand for 
automobiles has led to a method of 
fraction, immediately following ker 


« 


petrol or low-boiling* fraction for 
converting the heavy, high-boiling 


ing’ osene, into low-boiling quality by 
cracking’. The hydrocarbon Vapour is led through ES EB GS 


at about 500° under 10-50 p.si. pressure. On the hot surface and in 
presence of catalysts like anhydrous aluminium chloride or specially 


Prepared silica on alumina, the big molecules break down into small 
ones having much lower boiling points, 


petrol. Carbon may be deposited. By i 
perature, liquids of desired boiling points 
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Refinery yields & trade demands (%) of petroleum products (1949-50) 


Approx. | Average 
1; composi- Name of fraction LT World 
Boiling range HONG f LEA delaand 
paraffins | Bi 
40-200° (EE Petrol or gasoline 435 267 
200-300° C;a-Cis Kerosene 5:2 66 
above 300° Cis" Cia 9 fuel, or diesel 175 18'5 
oi চি ! 
Distilled \ 
under 
reduced Er t 
pressure Ci-Css Lubricating oils 
Residual fuel oii 242 418 
30 535 C,-Cso Paraffin wax 02 01 
Residue Cso-C.o Asphalt 34 33 
= Other products 60 30 


is done in practically all refineries ; it is a commercial success due to 
cheapness of the high boiling variety. About 50% of our gasoline is 
thus made. The yield may be as high as 85% under suitable conditions. 
Catalytic cracking: gives a gasoline with better ‘anti-knock’ value as the 
straight-chain alkanes in petroleum are thus partly converted into 
branched-chain compounds of higher octane number (p. 54). During 
cracking, unsaturated hydrocarbons (e.g., ethylene) are formed in large 
amounts. These are polymerised into liquid and used as motor fuel. 
The process consists in heating the gases, preferably under pressure, in 
presence of catalysts like phosphoric acid. In U.S.A. the annual pro- 
duction of petrol from this source has been estimated at over 100 million 
barrels ; synthetic rubber is made from cracked gases there. 


By passing straight-run gasoline under pressure (400-750 Psi) 
rapidly over a catalyst such as alumina or molybdena in steel pipes 
heated to about 600°, the octane number of the fuel is often increased 
by 10-20 units. The process, called reforming, involves the conversion 
of straight-chain paraffins into branched-chain paraffins .and aromatic 
hydrocarbons which have a higher octane number. The yield of 
cracked gasoline lies between 60-90%. The percentage composition of 
straight-run and cracked gasoline is given below: 


Unsaturated Aromatics Paraffins Naphthenes 


hydrocarbons 
Straight-run চনৰ 14 49 69'8 23-7 
Cracked ৰ 109 198 51-3 fn 


The fuel consumption by an engine rises rather rapidly as the octane 
number falls; thus the consumption of gasoline with octane number 
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100 is 230 c.c. per H.P. per hour, 


but it is 825 c.c. when the octane 
number is 78. 


Laboratory gas for burners is generally made b fl 
Where coal gas is not available-—this is usually done by dropping the oil on a 


red-hot metallic plate. On a small scale, it may be obtained by blowing air 
through aviation spirit or cheaper solvent oil 


Shale oil.—A bituminous shale, found in Scotland and U.S.A, yields on 
destructive distillation an oil which after Purification is fractionated into naphtha, 


paraffin oil, light mineral oil and waxy residue. Shale oil has a lower calorific 
value than petroleum. 


Y cracking crude oil in places 


€e synthesis of hydrocarbons from coal in 
countries having little or no natural petroleum. Coal is a complex mixture of 
ementary carbon. In the Bergius 
Process, low grade Powdered coal in ith heavy oil (1: 1) 
. at 450° is hydrogenated by pure hydrogen at 250 atmospheres, when mixtures 
of low-boiling hydrocarbons are formed. The method has since been modified 
by the use of catalysts such as hydrated iron oxide, and replacing hydrogen by 
Water-gas. There are several plants in Germany Producing appreciable quantities 
Of synthetic petrol. The plant at Billingham, England, Which closed down in 
1958 after 23 Years, was capable of producing annually 30 million gallons of 
motor fuel from coal. In the Fischer-Tropsch Process, developed in Germany 
between 1925-36, liquid hydrocarbons (synthetic pertol) are produced by Dassing a 
mixture of purified H, and CO (in the ratio 2:1) over catalysts (usually cobalt 
With thoria ‘as promoter mounted on kieseiguhr) under T 
" atmospheres at 190-200°. The yield is nearly 66% of the theoretical. Metal 
carbides are first formed between Water-gas (CO + H,) and metals (Co, Ni or 
Fe) with Subsequent reduction by hydrogen to methylene radicals. The latter 
en polymerise to higher hydrocarbons Which are fully hydrogenated to saturated 
compounds. omically on 


a small scale. y to be exhausted much 
earlier than coal deposits, the hydrogenation of coal goes a long way in solving 


the petrol problem. e estimate of proved petroleum resources of the world 
On January 1. 1936, was 21965 X 10° barrels of Which 10575 X 10° barrels were 
in U.S.A. and only 111 X 10° barrels in India and Burma together. 


Rl orted 233.802.048 gallons of kerosene valued 
a! inera 1 WoOr' 
RS 8,96.60,019. SE 6,430,736 gallons of other mineral oils 0 


3:7 million tons a year. e coal resources of India 
have got to be utilised to EA 
mineral oils. 

% ERO straight-chain hydrocarbons of gasoline hnuck badly 
ina ৰ EE RE SSiOn engine (the petrol-air mixture burns with explo- 
SR the cy a causing a metallic rattling) much power and engine 
Vi VE ee Us Jost. .“Snocking also increases Wear on the engine. 
Le Ur oct compounds like Jead tetraethy] are added to ordinary gaso- 
টা to EE TR: -chain hydrocarbons (e.g., isopentane) 
and cyclopa Ble ROCIOT ™me conditions. 2,2,4-trimethyl- 
pentane (wrongly called iso s the standard 
anti-knock fuel and Siven an oct 
J K Ane number - 
Which knocks Very readily, চ DUNG, DEE 
‘The octane number of a fuel is the i 
to n-heptane to Droduce the same knocking as to cine ঠি 
engine under definite conditions, {) iNET 
number between 20 and ES 


Tay ted 
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compounds, e.g. lead tetraethyl, have recently made high compression engines 
work smoothly in motor cars resulting in about 33% economy in fuel. 

Petrochemicals. —Natural gas and petroleum are no doubt very 
important sources for heat, light and mechanical energy ; these are in 
recent years supplying increasing quantities of various synthetic 
organic chemicals directly or indirectly. For example, methyl chloride, 
formaldehyde, methanol, chloroform, etc. are made from methane ; 
ethanol, ethylbenzene, butadiene, styrene, glycol from ethylene; iso- 
propyl alcohol, acetone, diketene, acetic anhydride, ethanol, glycerol 
from propylene ; nitromethane, nitroethane and nitropropanes from 
propane; butyl alcohols and butadiene from butylene; amyl alcohols 
from amylenes; benzene from n-hexane and toluene from heptane. 
Some 200 organic chemicals are now derived from petroleum and 
natural gas. U.S.A. thus makes over 500 million lb. each of methanol, 
ethanol, 9-propanol, glycol and styrene per year; about 25%' of the 
industrial chemicals in U.S.A. come from this source. 


QUESTIONS 


1. What are paraffins? Why are they so called? Give the general 
methods for their preparation. 

2, Give an account of the petroleum. industry, indicating the use to which 
different products are put. (Punjab Inter., 1931). 

+4. Explain ‘the terms with illustration : (i) homologous series, (ii) alkyl 
radical, (ii) substitution, (iv) additive product, (v) polymerisation. 

5. What do you understand by isomerism? Discuss isomerism in the 
paraffin series of hydrocarbons. Give all the possible isomers of the hydro- 
carbon, CH. f 

6. Why special interest is attached to aliphatic hydrocarbons, and specially 
to methane, in a discussion of organic chemistry ? 

7. Name some important substances obtainable today from natural 
petroleum. From what other sources, and how, is petroleum obtainable? _ What 
is a petrol substitute and why is it needed? (B.Sc. Exam. 1947, Benares’ 


Hindu Uni.). 


CHAPTER V1 
THE UNSATURATED HYDROCARBONS 


- Hydrocarbons having less hydrogen than the corresponding paraffins 
are the unsaturated hydrocarbons, represented by. CH, CEs, 
CH, .CnHn-s, etc. The most notable of these are the olefines or 
alkenes, C,H,,, and the acetylenes or alkynes, CuH.n-». The olefines 
have two hydrogen atoms less than the corresponding paraffins. The 
functional group in the alkenes is =-C=C-—. Some important plant 
Products e.g., rubber and carotene (orange pigment of Carrots) are 
olefinic compounds. Their names are derived from the alkyl groups by 
adding the suffix ‘“—ene’, or from the Paraflins by changing ‘—ane’ into 


3 


CNC 


Paraffin Radical Olefine 
CH, —GH; CH, 
Ethane Ethyl Ethylene or ethene 
C.H,, —C.H, CH, 
Butane Butyl Butylene or butene 


The position of the double bond is indicated by affixing or prefixing 
the lower number of the two carbon atoms thus connected e.g., 


4 ) 2 1 
CH,—-CH,-CH=CH,, butene-1 or l-butene 


Methylene, CH,, a free radical, may be obtained b 
methane, CH,N,, mixed with ether Or butane, between 850°-600° at a 
low pressure 5 nitrogen is thus split off. The life period of methylene 
1s only a fraction of a second. Methylene removes the mirror of arsenic 
OF antimony from a glass tube through which it Passes. It readily forms 
ethylene, and reacts with hydrogen at 300° to give methane. 


Ethylene, C,H,, is present in coal Sas (8-4% by volume) and makes 

ঠৰ 2 - The gas from the low temperature production of 
TDL ls ERE Of it. American natural gas has a fairly high 
Cs cracking (p. 2 of ethylene. Tt also results in large quantities 


Dutch chemists from Dine Was first made in 1795 by five 


Jlene was named olefiant or oil-forming gas 
nes’ represents ethylene 


Parced in the laboratory b heating ethyl 
SE with SU A Concentrated sulphuric acid, oY bee ED 
Phosphoric acid, both, being rating agents, abstract the 
Clements of water from the alcohol. Sy Let ESTEE 


C.H.OH = C,H 
Ethyl alcohol Einyich EO: 


» is placed on a 
ntaining strong 
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caustic potash and the latter to an inverted gas jar filled with water. 50 c. 
of 95% ethyl alcohol mixed with 100 c.c. of concentrated sulphuric acid ae 
taken in the flask and also about 8g. of anhydrous aluminium sulphate to 


Fig. 21. Preparation of ethylene. 


prevent frothing and for better yield of ethylene. The thermometer dips into 
the liquid. The temperature is gradually raised and at about 165°, ethylene 
issues out together with alittle carbon dioxide, sulphur dioxide, etc. These 
are absorbed by caustic potash. When the evolution of gas slackens, a fresh 
mixture of ethyl alcohol and sulphuric acid (1:1 by volume) is added slowly 
through the tap-funnel. The reaction takes place in two stages: 


C,H,OH + H.SO, = C:H;sHSO, + H.0O. 
Ethyl alcohol Ethyl hydrogen sulphate 
ঠি C,H,HSO, = C:H, + H.SO.. 
Ethyl hydrogen sulphate Ethylene 
Theoretically, there should be noloss of H,SO,, but in actual 
practice, a portion of the acid is reduced by ethylene. Some carbon 
monoxide is also produced from the alcohol by the oxidising action 
of H,SO,. The acid must always be in excess otherwise, we get ether, 
C,H,-O-C,H, and little ethylene. A purer product, in better yield. 


is obtained with syrupy. phosphoric acid at about 200°, the alcohol is 
slowly run down. Troublesome frothing is also avoided. 


(ii) Ethylene is formed by the action of hot and strong alcoholic solution of 
caustic potash on ethyl bromide or iodide; potash removes a molecule of 
halogen acid from the alkyl halide. But the yield is less than 1% due to the 


formation of ether. 
C.H.Br + KOH = CH, + KBr + H.O. 


Ethyl bromide Ethylene 
111) Electrolysis of a concentrated solution of potassium succinate 
vields ethylene and carbon dioxide at the anode (cf., preparation of 
Zthane from sodium acetate, p. 44). 
CH, — |} COO-|K 
| = CH, + 2C0, + 2K. 


CH, —- COO-—IK , Ethylene 
Potassium succinate 
(iv) Pure ethylene may be obtained by warming ethylene dibro- 


mide in alcohol with granulated zinc, or by dropping the dibromide 
into a suspension of zinc dust in alcohol and glacial acetic acid. 
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C.H.Br, + Zn = CH, + ZnBr.. 
Ethylene dibromide Ethylene 


(0) By passing alcohol vapour through an iron tube packed with 
alumina or pumice stone soaked in syrupy phosphoric acid at about 
560°, ethylene is manufactured. The yield is about 98%. 


CH,.CH.OH —> CH.=CH. + H.0 


Properties.—Ethylene is a colourless ¢ 


gas with a {aint swecetish 
odour. It is sparingly soluble in water but more soluble in alcoho! 
or ether. 


It produces anesthesia on inhalation and burns with 
luminous flame in air, producing carbon dioxide and water. 

CH, + 30; = 2C0, + 2H.O. 

Ethylene 

Ethylene forms an explosive mixture with air or oxygen. 

Chemically, unlike the paraffins, it is reactive due to unsaturation. 
Ethylene is quantitatively absorbed by concentrated AgNO, solution 
from which it can be recovered by evacuation. At about 300° and 
1500 atmospheres ethylene forms linear thermoplastic polymers, poly- 
cthylenes or polythenes (vide P. 68 reaction (9)). Traces of oxygen 


catalyses the reaction. These are tough, flexible plastics. U.S.A. made 
400 million Ib. in 1955. 


a 


Reactions.—(i) In presence of palladium or Platinum black at 
ordinary temperature, or finely divided nickel at 150°, ethylene and 
hydrogen form ethane quantitatively. Olefines cannot he hydrogenated 
with nascent hydrogen (e.g., from zinc and’ HC]). 

CH, + H. = CH, + 30 kcal. 
Ethylene Ethane 

(1) Ethylene combines with chlorine, 


tetrachloride solution, forming addition compounds, most readily with 
chlorine and least s 


L t so with iodine. Iodine monochloride, IC!, in carbon 
tetrachloride readily adds to an ethylenic bond, giving a ‘mixed’ halogen 
compound. Ed 


bromine and iodine in carbon 


CH. + Cl. = CH,CI-CH.CI. ) 
Ethylene Ethylene chloride (Dutch liquid) 


} When two different molecules unite directly and no part of either 
Separates out, the reaction is call 


os ed an additi eaction and the pro- 
duct, an additive product. EE SRE Hl 


Heated with chlorine a 


+ ys 0) 
which is made int EO 


0 Vinyl resins. 
CH,.=CH, 


ethylene forms vinyl chloride 


FLCC] =— CH.=CHCI AHCI: 

2) Ethylene i Vinyl chloride 

Kg 2 TCaActs With halogen acids in strong aqueous solu- 

Hea ETE alkyl halides at 100°. Tt reacts HE TN, with 

th CEE ৷ AN hydrochloric acid. Tn presence of 
1 e, as however, th i i i ite 

rapid (cf. the reactions with halogens abe) NE RSE RE 
CH, + HI = C.HL. 

Ethylene Ethyl iodide 
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(tv) Concentrated sulphuric acid readily absorbs ethylene under 
Pressure at S5° forming ethyl hydrogen sulphate or ethyl sulphuric 
acid. The olefines may thus be separated from gases which do not 
react with strong sulphuric acid. ত 


CH. + H.SO, = CH,.CH..0.SO,H. 
Ethylene Ethyl hydrogen sulphate 
Ethyl hydrogen sulphate suffers hydrolysis on boiling with 50% H.SO 
giving alcohol and a little ether. edt 
C:H,HSO, + H.O = C:H.OH + H.SO.. 
Ethyl hydrogen sulphate Ethyl alcohol 
The ethylene of coal gas may thus be conyerted into alcohol. It is not 
yet a commercial process owing to higher cost of production, though one ton 
of coal would give about 1% gallons of alcohol. But ethylene from natural Las 
and cracking is thus made into alcohol in U. 5S. A. By passing steam and 
ethylene under high pressure at 300° over tungsten oxide, ethyl alcohol is made 
commercially in U. S. A. by direct hydration : 
CH=CH; + H:O = CH..CH.OH. 
(0) With hypochlorous acid, HCIO, ethylene forms ethylene 
chlorhydrin, a colourless liquid ; ethylene and carbon dioxide may be 
2 $1 leaching powder in water. ji 
passed into a Suspension of b & powder in water. The chlorhydrin 


ৰ ) lycol (p. 108). 
is used in making ethylene gy ) 
1s used in making CH, + HClO = CH.CL.CH.OF. 
Efhylene Ethylene chlorhydrin 
c vith ozone giving an unstable ozonide which 
(ud) Ethylene bo Ln dilute acids or heating with water, into 
ER EEDC on NTE) and formaldehyde, HCHO. The former 
UE ER 8 formic acid, HCOOH. PETE or oxygen 
shale ৰ i টী ‘olution of ethylene in a nonaqucous solvent. 
TONE HO HCHO + H.0, + HCHO 
—-0-—-CH;, —7 : 202 ) 
CHL 4 0:2 07 


Jene ozonide 
ole ‘bond in a compound may be determined by 


‘The position OFA identifying the products thus formed. 


hydrolysing its ozoni H.0 
[0] :_0O0—CH, —> (CH.).CO + HCHO + H.0, 
(KCH.).C=CH. —> (CH):C | 
Orin h 
ali solution of potassium permanganate, 
4 (vit) A dilute, oA BEE to glycol in the cold; a concen- 


5 Xi 
KMnO,, in water 0 


it to carbon dioxide and water. 
$l nm poses It 
trated solution decor 


0 + 0 = CH.OH.CH.OH. 
Ee Ethylene glycol 
saturation consists in adding in the cold 1-2 drops of 


Baeyer test for Un 


)] Ikaline with Na:,CO, solution, to an alcoholic 
1% KMnO, solution, made ) 


The colour disappears rapidly if it is unsaturated. 
solution of the compoun' নও aldehydes reduce KMnoO, solution, but slowly. 
Other compounds EE distinguished from isomeric cycloparaffins (p. 63) which 
Ethylenes can thus oe ot obviously specific for a double bond. 


t iS TD 

are SE ETE is used ‘for making alcohol, mustard gas and 
Ned artificial ripening of green fruits. In Presence of 

bo, jj 
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1 part of ethylene in 1000 parts of air, green fruits ‘ripen’ rapidly. It 
stimulates the growth of potatoes. With 20% oxygen it is an anesthetic. 
Trichloro-ethylene is a fat solvent. Thiokol,a synthetic rubber, is made 
by reacting ethylene chloride with Na,S,. Polythene plastics are chemi- 
cally inert, translucent and good electric insulators. Some laboratory 
wares and bottles are made from it; they are unbreakable. I 

" Production of Alkathene (I.C.I. brand of polythene) started with an annual 
capacity of 3500 tons near Calcutta in 1959 ; ethylene is made from alcohol of 
sugar factories. India consumed 2100 tons of polythene in 1958. 

The structure of ethylene.—From analytical data, ethylene is 
CH,. By catalytic hydrogenation, it yields ethane. This and its for. 
mation from ethyl alcohol show that ethylene has two carbon atonis 
linked directly. It is either (3) H.C—CH, or (#) H,C—CH. With 
bromine ethylene yields ethylene dibromide, C,H,Br,, which is isomeric 
with ethylidene bromide, H,.C—CHBr,, obtained {rom acetaldehyde, 
CH,CHO, by replacing the oxygen with two atoms of bromine. Hence 
ethylene dibromide is CH,Br-CH,Br and cthylene, CH,—CH,. With 
normal valency, ethylene is either —-CH,-CH,- or H,C=CH.,. 
‘The latter is correct, free radicals such as —CH,-— and —_CH, being 
extremely unstable. The double bond, called ethylene linkage, means 
that all the covalencies of carbon have not been properly satisfied. 
‘This explains the addition of halogens, halogen acids, etc. by ethylene: 


H.C=CH, + Br, = CH.Br—CHi;Br. 
Ethylene Ethylene bromide 
H,C=CH, + HBr = CH,CHi;Br. 

Ethylene Ethyl bromide 
H.C=CH, + HOC! = HOH,C—CH,Cl. 
Ethylene Ethylene chlorhydrin 


Thus ethylene invariably combines with. two univalent atoms or 
groups. It is impossible to satisfy the valency of one carbon without 
simultaneously satisfying that of the other. ‘Two carbon atoms 
with unsatisfied valencies are always adjacent, a structure like 
H,C-CH-CH,-CH-CH,, being unknown. * These facts go against the 


existence of free valence. 


Compared to ethane, ethylene is far more reactive; the reactivity 
> is generally attributed to 
its instability. Adolf von 
Baeyer, a German chemist, 
tried to explain this in- 
stability of the double bond 
by his strain theory and 
considered ethylene as a 
29-membered ring. J Noe 
four valence bonds of car- 
bon are, according to van’t 
Fig. 22. Double (ethylene) linkage. Hoff, projected towards the 

four apexes’ of a regular 

tetrahedron—the atom itself being at the centre (Eis 185). The NEE 


ee” 1 
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between any two bonds is 109° 28’ which is maintained when carbon 
atoms are linked with single bonds ; in such cases no strain is produced 
In a double bond, the valencies are considerably ‘displaced’ from ia 
normal position (Fig. 22). This causes certain strain in the molecule 
according to Baeyer. As a result, the compound becomes unstable 
An unsaturated compound thus tends to pass to the saturated state by 


addition reaction. 


But a double bond between C atoms is thermodynamically more stable 
than a single bond as more heat energy (145 ke.cal./mole) is necessary to 
break the double bond in ethylene than to break a single bond in methane 
(which requires only 81°1 kg.cal./mole). For a triple bond in acetylene, it is 
190 kg.cal./mole. So physically, a triple bond is more stable than a double 
bond and a double bond more stable than a single. Resistance to stretching 
and compression is also correspondingly higher for a triple bond than for a 
double or single bond. A multiple bond pulls the carbon atoms closer together 
than a single bond; thus the interatomic distances between C—C, C=C and 
CEC are respectively 1-54A, 1-34A and 120A (1A = 10° cem.). 

Propylene, propene, CH,CH=CH., is obtained as a by-product in huge 
quantity during cracking of petroleum. It may be prepared by heating (i) propyl 
(or iso-provyl) alcohol with H.SO,, or (ii) n-propyl iodide with alcoholic KOH. 
It is a colourless gas, insoluble in water but soluble in alcohol like ethylene. 
and more reactive. Isopropyl alcohol, acetone, glycerine, etc. are manufactured 


from propylene in U. S. A. 
(i) CH,CH.CH,OH —> CH,CH=CH: + H.O 
(ii) CH.CH.CH.I + KOH (ale.) = CH,CH=CH. + KI + H.0. 


Butylenes, butenes, C.H,, exist in three isomeric forms, all are found in 
the gases from cracked petroleum.  Butene-l or a-butylene., CH,CH,CH = CH,;, 
may be prepared from 1-butyl alcohol, CH,CH.CH.CH.OH, and Hi;SO,:; 
some butene-2 or f-butylene, CH,CH=CHCH,;, is also formed. Iso-butylene 
or ~Y-butylene, (CH,),.C=CH:, may be obtained from isobutyl alcohol, 
(CH.):.CH—CH.OH, and H.SO,. The butylenes resemble propylene but poly- 
merise (p. 68) more readily than the lower olefines. Isobutylene is quite stable, 
it gives with chlorine mainly a substitution product, CICHACH.)C=CH.. 1- and 
2-butene are used largely for making secondary butyl alcohol, and isobutylene 

] alcohol, both alcohols are industrial solvents. lIso-octane is 


for tertiary buty SEAT টু 
made from isobutylene. 2-Butene exhibits cis-trans isomerism (p. 250) and has 


two forms. 
The olefines, CHH.,. 

Name Formula B.P. 

Ethylene, CH, CH=CH, —103° 
Propylene, C,H CH,—-CH=CH, _ 48° 
n-Butylene, C,H, CH,—-CH.—-CH=CH, _5° 
Isobutylene, C.Hs CH,—-CH=CH-—CH, eS) 
n-Amylene, CiH,o CH; —(CH.).- CH=CH, 40° 

CH, —(CH.),- CH=CH, 64° 


n-Hexylene, CsHiz 
General methods of preparation. —(1) By the action of strong 
agents e.g., conc. sulphuric acid, zinc chloride, syrupy 
d, etc., on alcohols: ° ড, 
CnH.n+,0H = CnH.n+ H.O. 
C,H.OH = C:H, + HO. 
Ethyl alcohol Ethylene 


dehydrating A 
phosphoric aci 
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By passing alcohol vapour through a tube packed with alumina, 
B60", the corresponding olefine is obtained in good yield. 


AlOs, a 
NE) By the action of alcoholic potash on alkyl halides: 
CnH.n+,X + KOH (alc.) = CnH.n + HO + KX (X is a halogen). 
CHI + KOH (alc.) = CH, + H.O + KI. 
Ethyl iodide Ethylene 
a — =. 
Aqueous potash, however, gives an alcohol instead of an olefine. 


C,H.I + KOH (aq) = C.H.OH + KI. 
Ethyl iodide Ethyl alcohol 


. (8) By the electrolysis of sodium or potassium salts of dibasic 
acids of the succinic acid series: 


KOOC-—CnH.n COOK = 2C0, + 2K + CnH.n. 


KOOC—_CH.—-CH,—COOK = 2C0, + 2K + CH,=CH.. 
Potassium succinate Ethylene 
General properties.—The first four members are gases; the higher 
ones are liquid and solid at ordinary temperature. They are colourless. 
Physically, they resemble the paraffins; there is a a gradation of 
properties with rise in molecular weight, in respect of density, . m.p., 
’ b.p., etc. ‘The olefines are practically insoluble in water, but soluble in 
alcohol, ether, etc. 


The other olefines behave like ethylene. Thus they burn with 
a luminous, smoky flame and form explosive mixtures with air 
or oxygen. They also readily combine with halogens, halogen acids, 
etc. to form additive compounds. When an olefine having unequal 
number of hydrogen atoms between unsaturated C-atoms, combines 
with. halogen acids, the hydrogen of the halogen acid usually goes 
to the carbon richer in hydrogen. Thus propylene, CH,-CH=CH;, 
and HBr give mainly iso-propyl bromide or 2-bromo-propane, 
CH,.CHBr.CH,, and only traces of normal propyl bromide, 
CH,.CH,.CH,Br, with pure reagents and in absence of air. This is 
Markowmikoff's Rule (1869) which applies only to olefines; there are, 
however, exceptions. ‘The addition of water also takes place likewise. 
Thus propylene, CH,-CH=CH,, gives mainly isopropyl alcohol, 
CH,.CHOH.CH,. In presence of oxygen, ultraviolet light or peroxides, 
however, HBr adds to propylene much more quickly and against 
Markownikoff's Rule, CH,.CH..CH.Br being formed. Atomic bromine, 


set free by peroxide, reacts with propylene giving a free radical and a 
chain reaction follows: 


Br- + CH.-CH=CH. —> CH.-CH-CH.Br 
| 


j, C1: ECHR: + HBr —> CH.,-CH.-CH.Br + Br - 


Addition ituti j iti 
reacts with SEE occurs, depending upon conditions, when Cl, or Br, 


= - ne ; thus in a solvent at low temperature, Cl, and propylene 
Ce TARY Propylene chloride, CH,_CHCI—CH,Cl, but allyl chloride 
bl =CH;, predominates at 400° (vide vinyl chloride, p. 58). 
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The olefines give paraffins on catalytic hydrogenation. They are 
oxidised by alkaline potassium permanganate or bromine-water. The 
decolorisation of bromine-water or dilute potassium permanganate 
solution (Pp. 59) serves as a test for the olefines, or more generally, for 
unsaturation. Fuming sulphuric acid, ozone, etc., react with other 
dlefines as with ethylene. 


k Cycloparaflins.—lIsomeric with the olefines are the saturated 
polymethylenes or cycloparaffins (vide Chapter XXX). They EE TES 
ture, and resemble the paraffins but the lower members behave somewhat like 
the olefines. They are less reactive, and having no double bond, form no 
additive compounds. Of the first four members, cyclopentane and cyclohexane, 
found in some natural petroleum, are also called naphthenes (p. 52). 


Cc 
CH, CH,—CH, H.C/ NaH, CH—CH 
ZA IE l 6 CH, 
HC CHE MECH CH: HCl __!cH, CH,—CH,/ 
Trimethylene  Tetramethylene Pentamethylene Hexamethylene 
(cyclopropane) (cyclobutane) (cyclopentane) (cyclohexane) 


Diolefines, CnH.n-:, have two double bonds. The most important are 
isoprene, CH,=C(CH,)-CH=CHi., and l,3-butadiene, CH,=CH-—-CH=CH.. 
A hydrocarbon with two double bonds is known as diene. Isoprene (b.p. 34°) 
was originally obtained by the dry distillation of natural rubber, it is now made 
from isoamyl alcohol. Rubber, mainly a hydrocarbon of high molecular 
weight, (C;H.)n, is obtained by coagulating the sap (called latex) of the rubber 
tree. Isoprene and butadiene polymerise in presence of metallic sodium or on 
prolonged heating to 70° and yield a product resembling rubber. U.S.A. 
makes butadiene by catalytic dehydrogenation of butane obtained from natural 
fas or cracking of petroleum. 

During the war of 1914-18, the Germans got no rubber from the Far East 
and made it from dimethyl butadiene, CH,=C(CH,)—C(CH;)=CH;, obtained 
from acetone. In the last war also, Germany met 2/3 of her requirements from 
synthetic rubber ‘Buna’ (from Butadiene and Natrium, i.e., sodium). The 
ethod was discovered by chance in an attempt to dry a sample of isoprene 
with metallic sodium. Natural rubber is vulcanized into various non-adhesive 
substances of higher flexibility and elasticity before use—vulcanization  (dis- 
covered by Charles Goodyear, an American, in 1839), consists essentially in 
heating raw rubber with sulphur (5-79) or some sulphur compounds in presence 
of accelerators to about 140°. Fillers like carbon, silica, Sb:S;, BaSO., ZnO, 
gypsum, etc., are added to prolong the life and also to impart colour. Good- 
year accidentally threw some raw rubber and sulphur on a hot stove and 
obtained a remarkably changed product. 

Since 1932 a new synthetic rubber. neoprene, is being manufactured in U.S.A. 
from vinyl acetylene, CH=C—CH=—=CH: (made from acetylene) by converting 
it into chloroprene, CH.=CCI—-CH=CH:, which spontaneously polymerises to 
rubber. Its oil resistance countcrbalances its higher cost. U.S.A. made 
1,130.000 tons of synthetic rubber in 1955 from chloroprene, styrene and 
butadiene. The price was 22 to 42 cents per lb. compared to 30 cents for 
natural rubber in ‘1955; Synthetic rubber is also made in Soviet Russia 
(Sovprene) and Japan (Hitakol). | U.S.A. started large scale manufacture of 
synthetic rubber after the occupation of Malaya, East Indies, etc. by Japan in 
1942. World production of crude rubber in 1955 was 2 million tons. U.S.A. 
normally consumes about half the world production. 


The acetylenes, alkynes, CnH,n-», are more unsaturated than the 
olefines, having two hydrogen atoms less. From the first member, . 
acetylene, the name of the series is derived. But the nomenclature is 
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unsystematic ; they are usually named as alkyl derivatives of acetylene, 
e.g., methyl acetylene, CH, —C=CH, etc. Systematic names from the 
corresponding paraffins by substituting ‘—an’ with ‘—ine’ are not widely 
used ; e.g., acetylene is ethine, the next, propine and so on. Some 


have special names—e.g., propine, C,H,, is better known as allylene, 
and butine, C,H, as crotonylene. 


Acetylene, C,H, does not occur in nature ; coal gas contains traces 
of it (about 006% by volume). It is formed during incomplete com- 
bustion of coal gas (e.g, when a Bunsen flame strikes back), ethyl 
alcohol, hydrocarbons, etc. It was discovered by accident in 1892. In 
an attempt to obtain metallic calcium, Wilson, an American, heated a 
mixture of coke and lime in an electric furnace and poured the result- 


ing grey mass into a bucket of water. A copious supply of acetylene 
Was obtained but no calcium. 


Preparation.—(1l) Acetylene is generally made by the action of 
Water on calcium carbide, CaC,, a hard, black solid. 


CaC;, + 2H.O0 = Ca(OH): + CH.. 


The bottom of a conical flask is covered with a layer of sand and some 
small lumps of calcium carbide are then 
added. Water is dropved from the tap- 
funnel and the liberated gas collected 
over water. Acetylene thus prepared 
has traces of arsine, phosphine, etc. The 
foul odour of acetylene burners is due to 
the presence of phosphine (calcium 
phosphide, Ca,P., present in carbide 
gives phosphine with water). pure 
acetylene has a sweetish smell. The 
gas often contains traces of HS and 
NH;, which may be removed by pass- 
ing it through an acidified solution of 
copper sulphate. Carbide is manufac- 
tured by heating a mixture of coke and 
শৰ lime at 2500°-3000° in a closed electric 
Fig. 23. Preparation of Acetylene. furnace. The product contains about 
85% CaC.. 
CaO + 3C = Cac; + CO. 


Acetylene is thus obtained from carbon. This is a complete synthesis, 
because both carbide and water can be made from their elements. Acetviene 
can be converted into various organic compounds by different reactions. Their 
formation may also be regarded as synthesis from elements. In 1957 India 
produced 3.596 tons of CaC, but consumed 13,000 tons ; during 1956-57, 5,976°35 


tons were imported, valued at Rs. 37°29 lacs. High cost of electric power is a 
handicap to the Indian industry. 


The method is cheap and followed commercially. By electric arc 
cracking Process, methane (natural gas), coke oven gas, etc. give acety- 
lene in good vield. Germany thus makes acetylene from coal gas. In 
U.S.A. acetvlene in fairly high vield is obtained by exposing natural 
BESO 400 — 16000. FOE 0:1 20:01 second ‘and cooling the products 
suddenly by spraying water. N 


2CH. > CH, + 3H,— 95:5 kcal. 
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(2) Acetylene may be made from its elements by striking an 
clectric arc between carbon poles in an atmosphere of hydrogen. The 
yield is only 8:7% at 2500°. 

2C + H. = CH, — 55800 calories 
(8) By heating ethylene dibromide (or ethylidene dibromide, 


CH,CHBr,), with alcoholic potash, acetylene is obtained (cf-, prepara- 
tion of ethylene, p. 57). 


CH.Br.CH.Br + KOH (alc.) = CH, =CHBr + KBr + HO. 


Ethylene dibromide Vinyl bromide 
C:HsBr + KOH (alc.) = C.H, + KBr + HO. 
Vinyl bromide Acetylene 


(4) On electrolysis of a strong, aqueous solution of potassium salt 
, of fumaric or maleic acid (cf., preparation of ethane, p. 44, and of 
ethylene, p. 57), acetylene is obtained at the anode. 
KOOC—C—H 
[| = CH, + 2C0, + 2K. 
H—C—COOK Acetylene 
Potassium fumarate 


(5) Heated with silver powder, iodoform, CHI,, gives acetylene: 
2CHI, + 6Ag = C,H, + 6AgI. 


Properties.—Acetylene, a colourless gas, has. a pleasant odour when 
pure. It condenses to a highly explosive liquid (b.p. -84°). It is 
illegal to store or use liquid acetylene. Above 2 atmos., the gas 
explodes. Acetone dissolves about 800 times its volume of acetylene 
at 12 atmospheres and 15°. Commercially, acetylene is stored under 
pressure in steel cylinders packed with porous briquettes soaked in 
acetone. When the pressure is released, acetylene comes out with little 
loss of acetone. Water dissolves its own volume of acetylene at 0° and 
76 cm. pressure. 

Like ethane and ethylene, acetylene mixed with air or oxygen in 
certain proportions, explodes when ignited. The gas burns in air 
with a smoky flame due to incomplete combustion, but in specially 
constructed, pin-hole burners, exposing a large surface of the flame to 
the air, the gas produces a dazzling and almost smokeless flame. These 
are used in country houses. The illuminating power of acetylene is 
nearly 15 times that of coal gas. When acetylene burns in oxygen, 
the oxy-acetylene flame attains a temperature of about 3500°, at which 
practically all metals melt. 


2C,H, + 50, = 4C0, + 2H,O + 620,000 calories. 


This is utilised in welding and cutting metals. The Proportion 
of oxygen and acetylene is so adjusted that carbon monoxide is pro- 
duced, which reduces any oxide film formed during welding. In cutt- 
ing metals, an excess of oxygen is supplied so that the metal burns. 
Like ethylene, acetylene is also used for ripening fruits. 


[5] 
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Structure of acetylene.—From analytical data, the ‘acetylene 
molecule is C,H,. Its formation from ethylene dibromide, or maleic 
and fumaric acid salts shows that the two atoms of carbon are 
directly linked. Therefore, acetylene is either CH,—C, or CH-—-CH. 
Now, in the removal of halogen hydracid from alkyl or alkylene 
halides, hydrogen, as a rule, comes from one carbon atom and 
halogen from the adjoining one. Ethylene is thus formed from ethyl 
bromide, and acetylene from ethylene dibromide by the action ot 
alcoholic potash: 

CH.CH,Br —> CH=CH, + HBr 


—HBr —HBr 
BrH,C—CH.Br — CH,=CHBr —S5- CH=CH 
Ethylene dibromide Vinyl bromide Acetylene 
Maleic acid, on electrolysis, gives acetylene: 

CH—|COO|H CH— 

|| = ll FP 2CO, EHS 

CH—ICOO H CH— 

Maleic acid Acetylene 


With normal valency and no free bond, acetylene should, therefore, 
be CH=CH. The triple bond indicates a still greater strain in the 
valency bonds between the carbon atoms (vide p. 60). 


Fig. 24. Triple (acetylene) linkage. 


.  Reactions.—(1l) On hydrogenation in presence of finely divided 
nickel at 100°, or platinum black at ordinary temperature, acetylene 
‘gives ethylene and then ethane. 


2H 2H 
HC=CH —> CH,=CH, > CH,-CH, 
Acetylene Ethylene Ethane 
2) Acetylene and chlorine combine at room temperature with 
explosive violence, producing hydrochloric acid and carbon: 


CH, + Cl, = 2HCL + 2C. 
Acetylene 


HD Presence of a solvent or kieselguhr, no explosion occurs, an 
tiv 


© compound, acetylene tetrachloride, C,H,Cl,, is formed: 


HC=CH + 2C1, = CHCI,—-CHCI.. 
Acetylene Acetylene tetrachloride 


~ a Uo ee fs Ae ng hE» ee = 5: weet = weet > Wie oe PES EP 
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It is a non-inflammable liquid (commercially known as ‘Westron’) employed 
as a solvent for rubber, fats, varnishes, etc. and also as an insecticide. By 
passing westron over heated barium chloride, HCl is lost and trichloroethylene, 
CCl,= CHCl, is obtained. It is called ‘Westroso!’ and used for dry cleaning and 
extracting oils from seeds. 


(8) With acetylene, bromine reacts much less vigorously than 
chlorine. Acetylene dibromide is first formed and then tetrabromide. 


Br, Br, 
‘ HC=CH _>  BrIHC=CHBr —3 CHBr,-CHBr, 
Acetylene Acetylene dibromide Acetylene tetrabromide 


Two isomeric dibromides are known having different graphical 
formulae (see Chapter XXIV): 
H—-C-—Br H—-CBr 
Il and I 


Acetylene slowly adds on iodine in ethyl alcohol to give acetylene 
di-iodide: 

CH=CH + I, = CHI=CHI. 

(4) With hydrobromic acid, it very slowly forms vinyl bromide and 
then ethylidene bromide; a mercuric halide accelerates the reaction. 
‘The halogen goes to the carbon poorer in hydrogen, following 
Markownikoff's rule (p. 62)” With hydriodic acid, similar products are 
obtained. 

HBr HBr 
HC=CH —> CH,=CHBr —> CH,-—-CHBr; 
Acetylene Vinyl bromide Ethylidene bromide 

(5) Unlike ethylene, acetylene forms metallic derivatives called 
acetyhdes, the hydrogen atoms being replaced by metals. When 
acetylene is passed through an ammoniacal solution of silver or copper 
salt, the corresponding acetylide, Ag.C» or Cu,C, is formed. These are 
highly explosive when dry.. But war-time developments in Germany 
have shown that acetylene can be safely used under pressure (by dilut'ng 
acetylene with an inert gas, €.£., N-), and copper acetylide employed 
as a catalyst in some reactions. With ammoniacal solution of cuprous 
chloride, traces of acetylene can be detected, a red ppt. or coloration 
due to copper acetylide results. The copper or silver compound gives 
acetylene with dilute hydrochloric acid Or warm potassium cyanide 
solution. Pure acetylene is thus obtained. Acetylides (or carbides) of 
alkali and alkaline earth metals are morc stable, and yield acetylene 


with water. 


[ol H-OH C-H OH 

liDca + AUT iE 

C H-OH_ C—-H OH 
Calcium carbide Acetylene 


H of the terminal C in l-alkynes is weakly acidic, being sufficientl 
AE for heterolysis of the bond, by the removal of a proton, to NY 
LGR acetylene, CH,—_C=CH., gives the silver salt CH,-C=CAg, but not 
dimethyl acetylene, CH,C=SCCH.. 


(6) When acetylene is passed through rapidly agitated 20%, 
sulphuric acid at 80° in presence of about 1% mercuric sulphate, 
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acetaldehyde is obtained ; this, on catalytic reduction, gives ethyl alcohol, 
and on oxidation with air in presence of manganese acetate, acetic 
acid—two very important products. Where electricity is cheap for 
making CaC,, ethyl alcohol is thus manufactured. 

CH=CH + H.0 = CH,—-CHO. 

Acetylene Acetaldehyde 


H [9) 
CH,CH.OH <— CH,CHO _> CH,COOH 
Ethyl alcohol Acetaldehyde Acetic acid 


(7) By passing acetylene and steam into caustic soda at 220°, we 
get sodium acetate in good yield: 


CH=CH + H.O + NaOH = CH,COONa + H.. 
Sodium acetate 
(8) Acetylene, led into acetic acid in presence of mercuric salts at 
80°, gives vinyl acetate and ethylidene acetate. Plastics are made from 
the former, and acetic anhydride from the latter. 
CH=CH + CH,.COOH = CH.=CH.OOCCH.. 
Vinyl acetate 
CH,=CH.OOCCH, + CH,.COOH = CH,CH(OOC.CH,).. 
Ethylidene acetate 
(9) Passed through a tube at about 400°, three acetylene molecules 
coalesce to form benzene and other aromatic hydrocarbons ; it is not a 
good way of making benzene. In presence of triphenylphosphine-nickel 
carbonyl complex, acetvlene in benzene solution at 60° under 15 atmos- 
Pheres pressure forms benzene in 90% yield. 


ka HE ASS 
CH CH CH MEH 
Ill — | 
CH CH CH CH 
cn Non 
Acetylene ডৃ Benzene 


Such a process that involves the union of two or more molecules 
to form a new (and more complex) molecular aggregate, is known as 
polymerisation. The product is called a polymer (poly many, meros 
part). Here benzene is a polymer of acetylene. “The *ddition’ 
Polymer has the same Percentage composition as the original compound 


but obviously a higher molecular weight as nothing is eliminated. The 
term polymer is 


directly Obtained from simple molecules. Thus, butyric acid, C,H,0;, 
which has a molecular formula exactly twice that of acetaldehyde, 
C,H,O, is not a Polymer as butyric acid cannot be directly obtained 
from acetaldehyde. Polymerisation is now better defined as inter- 
molecular combination that is functionally capable of proceeding indefi- 


SU In condensation type of Polymerisation, water or some simple 
™molecule eliminates and’ the resulting polymer has a composition 
different from its mono: i 


mer. Starch, (CH,,0O.),, i 
polymer of hues, CE Tr arch, (C,H,,O,),, is a condensation 


0 
12 6° 
Passed into a Strong solution of NH,Cl i 
t and CuCl 
acetylene forms Vinyl-acetylene, CHESC_CH=CH. f f ESS 


applicable to those complex substances that can be" 
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shaking with aqueous HCl, NH.Cl and CuCl, at 30°, vinyl-acetylene gi 
chloroprene, CH,=CCI-CH=CH,;, a colourless liquid (b.p. 60°) he litter 
spontaneously forms a linear polymer, called a-polychloroprene, a soft plastic. 
resembling milled, unvulcanised rubber. This on standing for about 48 hours at 
30°, gives neoprene, a synthetic rubber which is practically non-inflammable and 
resistant to oil. ! 

(10) Chromic acid oxidises acetylene to acetic acid, but alkaline 
potassium permanganate gives oxalic acid. 

H-—-C=sCH + 40 = HOOC— COOH. 
Oxalic acid 


(11) Acetylene reacts with carbon monoxide and water in presence 
of nickel carbonyl to form acrylic acid. It is a commercial process. 
HCsSCH + CO + HO = CH,=CH-—- COOH. 
Acrylic acid 
(12) Unlike ethylene, acetylene forms a substitution product, 
dichloroacetylene, CCl, when passed at 0° into sodium hypochlorite 
solution in absence of light and air. 


Uses.—For welding and cutting metals ; as an illuminant and an 
anesthetic (narcylene). For the manufacture of acetaldehyde, acetic 
acid and alcohol. As westron, westrosol and hexachloroethane, 
GOL a substitute for camphor. For making synthetic rubber (e.g., 
Neoprene) and vinyl plastics and also increasing the growth of pine- 


apple plants. 

Methylacetylene, propine or allylene, CH,C= CH, may be obtained by the 
action of alcoholic KOH on propylene dibromide, CH,:BrCHBrCH,, or acetone 
dichloride, CH,CCL.CH,, some allene, CH,=C=CH;,, is formed in either 
case. Allylene behaves like acetylene; it adds up water in presence of 
mercuric Salts forming acetone, CH,COCH;, and gives a mercury salt, 
(GEHL C).Hg, with alkaline Hg(CN).. Butine-2 Or crotonylene, CH,C = CCH,, 
and butine-l or cthylacetylene, CH,.CH.C=CH, are isomeric and may be prepared 
in the usual ways ; the latter forms a silver or copper derivative but not the 
former. < ফ- 

Other homologues of acetylene are not important. The mem- 
bers up to C,H, are gas or volatile liquid with a characteristic smell. 
They are soluble in alcohol and other organic solvents and burn with 
a sooty flame. They resemble acetylene and are prepared likewise. 
They are isomeric with diolefines. 

The acetylenes, CnH.n-:- 


Name Formula Bp! 
.etylene (Ethine) Ee 
ME acetylene (Allylene) RS 
Ethyl CEE i 

1 ] acetylene 
Dy acetylene (Crotonylene) 5 
559 


Ethyl methyl acetylene R ব 4 

Like diolefines, there are diacetylenes, having a pair of triple bonds. Of 
these, the most notable is dipropargyl, CsH., an isomer of benzene. 
Dipropargyl, HC=C—CH, CH, —C=CH, is a liquid (sp. gr. 0°81) boiling at 
859. It behaves chemically like acetylene, and is prepared from diallyl, 
CH,=CH—CH.-CH,—CH=CH,, by bromination and subsequent treatment 
With alcoholic potash. The monovalent group, CH=C—CH,-, is calle 


propargyl (or propinyl). 
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QUESTIONS 


‘1. Discuss the properties of unsaturated compounds. Give a method 
for preparing ethylene and name five of its characteristic reactions. (B.Sc. 
Pass, Dacca Uni. 1939). 


2. How would you obtain a current of pure dry ethylene? What is the 


effect on ethylene of (a) Conc. H.SO.,, (b) Chlorine, (e) HCIO? (Inter. B.Sc., 
England). 


3. Write a clear account of the preparation, properties and uses of 
acetylene. (Inter. B.Sc., England). 


4. What do you understand by unsaturation in organic compounds? 
What reactions are characteristic of this state? (Punjab Inter., 1920). 


5. Compare and contrast the chemical properties of paraffins, olefines 
and acetylenes. Explain clearly the behaviour of these hydrocarbons towards 
the halogens and halogen acids. 

6. Establish the structure of ethylene. 


7. How would you prepare several gas jars full of methane, cthylene, 
and acetylene? What experiments would you make to identify these gases ? 

8. What is meant by the term unsaturated compounds? Give a few 
examples of such substances, showing how their reactions differ from those of 
saturated compounds. (B.Sc., London, 1933). 


9. How do the physical properties of the members of the methane series 
of hydrocarbons vary with increase in the number of carbon atoms? 
Describe the preparation of acetylene. What are the characteristic differences 
in the properties of saturated and unsaturated hydrocarbons? (B.A. & B.Sc. 
Degree Exam., 1932, Andhra Uni.). 


CHAPTER VII 
THE HALOGEN DERIVATIVES OF THE PARAFFINS 


We have seen that the hydrogen atoms of the paraffins are replaced 
one after another by chlorine or bromine (p. 48) giving halogenated 
paraffins. Ethane forms the following derivatives: 


C,H,—> CsHX—> C:HX, —> CsHX3 


CER 2 C,HX, —> CX; where X is a halogen atom. They are 
mono-, di-, tri-, etc, halogen derivatives according to the number ot 
halogen atoms in the molecule. They are highly reactive and may be 
readily converted into other compounds. Herein lies their importance. 
Some are used in medicine, e.g., iodoform, CHI,, and chloroform, 


CHCl, ; others such as carbon tetrachloride, CCl,, are industrial solvents. 


Monohalogen derivatives or alkyl halides.—When only one 
hydrogen atom ofa paraffin molecule is replaced by a halogen, we get 
a mono-halogen derivative, Cn Hsn+1X- 

j Preparation.—(1) Alkyl halides may be obtained by the direct 
action of a halogen upon the paraffins except methane which gives a 
i » of all the four substitution products. By controlling the ratio 
en to paraffin, mono-halides may be obtained. The method is 
and employed commercially ; the mixture is sometimes used as 


CH, + Cl. = CHCl + HCl. 

Ethane Ethyl chloride 
Ikyl iodides cannot be similarly prepared inasmuch as the 
dic acid formed reduces the alkyl iodide back to the paraffin: 


CH, + IL: <> CHil + HI 
Methane Methyl iodide 


resence of jodic acid or mercuric oxide, which decomposes 

araffins can, however, be iodinated. Higher paraffins are 

EAE Only ALE E Be PEraT and in presence of catalysts. 

‘yl iodides are made by bolling alkyl chlorides or bromides with 

Nal in methanol or acetone in which NaCl or NaBr is insoluble. চি 
RCI + Nal = RI + Nacl. 


2) By the action of phosphorus halides on alcohols, corresponding 


alkyl halides can be conveniently made. Ethyl alcohol ‘with phosphorus 


penta- or tri-chloride yields ethyl chloride. 


C:H.OH + PCl, = C:H.Cl + HCI + POCI. 
Etuyl alcohol Ethyl chloride Phosphorus oxychloride 


30,H,0H + PCI, = 30,H.0l + HPO. 
Phosphorous acid 
PCI. or PCl, replaces. the hydroxyl group, -OH, by chlorine. We 
shall come across many similar cases later on. To prepare alkyl bro- 
mides and iodides, the phosphorus halide is prepared in situ by treating 
Et irre OF Ted phosphorus and bromine or iodine with the alcohol. 


In p 
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Preparation of ethyl bromide.—75 c.c. of ethy! alcohol (dried over 
quicklime) and 15 g. of red phosphorus are taken in a distilling flask fitted 
with a tap-funnel and joined to a Liebig’s condenser and a receiver. The 
receiver is connected to a soda-lime tower which absorbs the fumes of hydro- 
bromic acid formed. 20 c.c. of bromine are taken in the tap-funnel. ~The 
flask is placed in a cold water-bath and the bromine added drop by drop. 
The reaction starts immediately with evolution of heat. When all the bromine 
has been added, the flask is allowed to stand for some hours. .The contents 
are then distilled over by replacing the tap-funnel by a thermometer and 
using a long (or coil) condenser. The distillate up to 60° is collected, which 
contains ethyl bromide (b.p. 38:5°), alcohol, hydrobromic acid, etc. The receiver 
is kept cool with iced-water to prevent loss of ethyl bromide which is very 
volatile. Ina Separating funnel, the distillate is shaken with sodium Carbonate 
Solution to remove hydrobromic acid, alcohol dissolves in the water. Ethyl 
bromide, being insoluble in Water, separates at the bottom. It is dried with 
fused calcium chloride and re-distilled. 


Fig. 25. Preparation of ethyl bromide. 
P, + 6Br, = 4PBr.. 


= 3C,H.Br + P-OH 
Ethyl bromide NOH 
Phosphorous acid 


likewise by adding 
a little at a time, to a mixture of 

Phosphorus, follo' 
after several hours. The alk 
chloride, SOCL. Thionyl b 


er prepared with thionyl 
not exist. The c 


ery unstable ; thionyl iodide does 
0-products, all Bases, are easily removed. 
C:H,OH + SOCIL, = HC ls aH, Cl. 
Ethyl alcohol ‘Thiony] chloride LT Et 
Methyl chloride is c 


TOmide is v 
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olefines (p. 58).. The addition takes place rather slowly, and generally 
follows MarkownikofF's rule. 
CH.=CH, + HBr = CH,CH.Br. 
Ethylene Ethyl bromide 
(4) Alkyl halides are conveniently prepared by the action of halogen 
hydracids on alcohols in presence of a dehydrating agent such as zinc 
chloride or H,SO,. The latter removes the water formed and prevents 
the opposite reaction. Commercially, methanol and HCl gas are passed 
over alumina gel or activated carbon at about 850° to get methyl 
chloride, and 95% ethanol and HCl gas under 80 lb. pressure into 45% 
ZnCl, solution at 145° to obtain ethyl chloride. Alkyl halides are, there- 
fore, regarded as alkyl salts or esters. 
C,H,OH + HCL CHCl + HO 
Ethyl alcohol Ethyl chloride 
Preparation of ethyl chloride.—Absolute cthyl alcohol and half its weight 
of anhydrous zinc chloride are taken in a flask fitted with an upright condenser 
and a side-tube. Hydrochloric acid gas (generated by dropping strong H:SO, 


on strong HCl) is passed into the alcohol through the side-tube until saturated. 
The flask is then gently warmed on water-bath. The top of the condenser 


is connected to a series of washers containing water, dilute caustic potash and 
strong sulphuric acid successively. These remove alcohol, hydrochloric acid 
and moisture respectively which accompany ethyl chloride. The gas is finally 
condensed to a liguid (b.p. 125°) in a U-tube connected to. the last washer, 
and kept immersed in a freezing mixture. Other alkyl chlorides may be 
similarly prepared by taking the corresponding absolute alcohol. The halogen 
acid may be replaced by concentrated sulphuric acid and sodium halide. < 

Ethyl chloride is used for producing local insensibility in minor 
surgical operations and for making tetraethyl lead, an antiknock, and 
ethyl cellulose, a plastic. Methyl and ethyl chloride are refrigerating 
agents. Methyl bromide extinguishes fire by forming a blanket of 
heavy gas which cuts off oxygen ; it 1s used chiefly in aircrafts as a fire 
extinguisher and for killing weevil in flour by fumigation. 

Properties of alkyl halides.—The lower members are colourless, oily 
liquid with characteristic smell, and immiscible with water. They 
are readily soluble in alcohol or ether and usually heavier than water. 
Methyl chloride, methyl bromide and ethyl chloride are colourless gases 
at ordinary temperature. Alkyl bromides and iodides darken gradually 
if exposed to light due to slight decomposition. They may be deco- 
lorised by shaking with a little mercury or finely divided silver. Some 
of them burn with a smoky flame. Alkyl halides are quite reactive— 
the halogen atom can be readily replaced by other atoms or radicals ; 
iodine is most easily removed, then bromine and then chlorine. This 
is because the C—X bond strength increases in the following order 
C-—I C-—Br, CCl. Methyl halides are more reactive than the corres- 
ponding ethyl halides. The reactions of ethyl iodide. may be taken as 


typical. 2! Y 
Reactions of ethyl iodide, C.HL—(1) It gives ethane on reduction 
with nascent hydrogen (from zinc and hydrochloric acid, or 
aluminium-mercury couple and methyl alcohol). 
C:H.I + 2H = CH, + HL 
Ethyl iodide Ethane 
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CH,—-CHX-—CH,. The former, normal propyl halide, 


T has its halogen attached 
to a primary carbon atom, while the latter, isopropyl h: 


alide, to a secondary. 

Dihalogen derivatives of the Paraffins.—When two hydrogen atoms 
in a paraffin are replaced by halogen, we Set a dihalogen derivative or 
alkylene halide, GERM ATEe halogen may be attached to the same 
or different carbon atoms. Dichloroethane, CHCl, is cither 
CH,CICH,Cl or CH,CHC,. The dihalogen derivatives may be directly 
obtained by the action of halogen on paraffins or olefinss, or of halogen 
acids on acetylenes (P. 67). The simplest is methylene chloride. 


Methylene chloride, CH,CI,, is Prepared by reducing chloroform in 


alcohol with zinc dust and hydrochloric acid. It is formed when methyl 
chloride is chlorinated. 


CHCI, + 2H = CHCl, + HCI. 
Chloroform Methylene chloride 


CH.Cl + Cl, = CH.CI, + HCI. 
Methyl chloride Methylene chloride 


Commercially, it is obtained as a by-product in the manufacture 
of chloroform from Carbon tetrachloride (p. 78). Methylene chloride is 
a colourless, heavy liquid (Sp. gr. 1°887) boiling at 42°. It is used as a 
refrigerant, dewaxing agent in Petrolcum refining, paint and varnish 
temover, and for extracting caffeine from tea and coffee. 


Methylene iodide, CHL, or di-iodomethane is Prepared hy 
reducing iodoform with alkaline arsenite solution, or with hydriodic 


acid and Phosphorus. The yield in the former case is almost 
quantitative, 5 


CHI, + 2H = CH.L + HI. 
lodoform Methylene iodide 


Methylene iodide is a colourless, very heavy liquid (sp. gr. 8:29) 


It is used in organi hesi d ti heavy 
Mineral ganic synthesis and separating y 
iodide Spo Sub less than 8:0. Mixtures cf methylene 


ity separation. Halogens in methylene halide 
C in the corresponding methyl halides. 


Tbon are directed i 
FOU IN space towards the 


iqgebeXes of a regular tetrahedron (p. 60). 
Fig. 26. Methylene iodide. POLLEY only one 


Possible ( 26) Such arrangement is 
Dichloroethane, CHC, is either ethylene chloride CIH,C_ CHC! 
> = 201, 
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or ethylidene chloride, CH, - CHC],. Ethylene chloride is commercially 
prepared by the action of chlorine on ethylene (P. 58). It is a liquid 
(b.p. 84°); it is a solvent for fats and a fumigant. Thiokol, a Es 
rubber, is made from ethylene chloride and sodium polysulphide 


Ethylidene chloride is prepared by the action of 
3 8 b hosph,: 
pentachloride on acetaldehyde. It is a colourless liquid Boe at 60°. 
CH,CHO + PCI, = CH,CHCI, + POCI.. 
Acetaldehyde Ethylidene chloride 
Ethylene and ethylidene chloride behave differently. Boiling 
aqueous caustic potash replaces the halogen by a hydroxyl group in 
both cases. One yields glycol, and the other acetaldehyde. This shows 
that ethylidene chloride has both the halogens attached to the same 
carbon. 


CH. |C| K|OH CH,OH 

| An = + 2KC. 

CH.ICI__K|OH CH.OH 

Ethylene chloride Glycol 
OH 
CEE ELSES | OH — CH..CHC —> CH..CHO + H.0 
Ethylid hlorid OH Acetaldehyde 
MA GS Unstable intermediate compound 


Ethylene dibromide, CH.Br.CH,Br, a liquid boiling at 182°, is used 
with tetraethyl lead (an anti-knock compound in automobiles) for 
eliminating lead (which causes pitting) as PbBr, from the cylinder. 


Trihalogen derivatives of the paraffins.—Of these only two are 
important, viz., chloroform and iodoform, for their use in surgery and 
medicine respectively. 

Chloroform, CHCI,.—(1) In the laboratory or commercially, chloro- 
form is prepared by distilling a mixture of aqueous ethyl alcohol or 
acetone and bleaching powder. The latter supplies chlorine and lime 
necessary for chlorination and hydrolysis. 

(i) Alcohol is first oxidised by chlorine to acetaldehyde: 


CH,CH.OH + Cl, = CH,CHO + 2HCI. 
Ethyl alcohol Acetaldehyde 
(ii) Acetaldehyde is then chlorinated to trichloro-acetaldehyde 
or chloral: . 


CH,CHO + 3Cl, = CCLCHO + 3HCI. 
Acetaldehyde Trichloro-acetaldehyde 
(iti) Finally, chloral is hydrolysed by lime to chloroform and cal- 
cium formate: 


CCL, |-CHO 4- OHC-— | CCI, 
= 2CHCI, + (HCOO).Ca. 
H| —-0-Ca—-O— |H Chloroform AE PE 
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Chloral and caustic soda also yield chloroform: 


CG] 7SHO — CHC, + HcooNa. 
N28 Chloroform 
Chloroform made from acetone contains mono- and di-chloro- 
acetone which are poisonous. It is unsuitable for medicinal purposes. 
Surgical chloroform is usually made from chloral. 


CH..CO.CH, + 3Cl. = CCl..CO.CH, + 3HCI. 


Acetone Trichloro-acetone 
CCl. -CO-CH, 
22s 


VCE 2CHCI, + (CH,COO).Ca. 
Hl -0O Chlorcform Calcium acetate 
CCl,.\-CO-—-CH, 


All compounds with a CH..CO.C or CH,CH(OH) group yield chloroform 
with chlorine and alkali. 


Preparation.—In a round-bottomed litre-flask, fitted with a delivery tube 
and a condenser, is introduced a paste made with 150 g. of bleaching powder 
and 500 c.c. of water. 35 c.c. of ethyl alcohol are thoroughly mixed with it 
by shaking. The flask is slowly heated on a sand-bath. At the beginning the 
reaction is vigorous, heating is discontinued until it slackens. The flask is 
again heated, and distillation continued until no more oily drops pass over. 
The end of the condenser dips under water in a beaker. Chloroform being 
immiscible with, and heavier than, water, occupies the bottom layer. It is 
removed with a separating funnel, washed several times with dilute caustic soda 
and water, and dried with fused calcium chloride. It is next re-distilled on 
Water-bath. For pure chloroform, chloral is treated with caustic soda likewise. 


(2) A modern method involves the partial reduction of carbon tetra- 

chloride, CCl, with steam and iron powder, CCl, + 2H = CHCI, + HCL. 

arbon tetrachloride, being cheap, is the principal source of CHCl, in 
U. Methylene chloride is a bye-product. 


(8) When an electric current is Passed into 20% NaCl containing 
Acetone, chloroform is evolved. It isa commercial process in U.S.A. 
খু Properties. Chloroform is a heavy (sp. Er. 15), colourless, non- 
inflammable liquid (bp. 61-62°) with a characteristic Pleasant smell. 
It is Practically insoluble in Water but readily soluble in alcohol or 
ether. It is an anaesthetic ; Simpson first used it in 1848 in Edinburgh, 


and saved Patients from the horror of surgical operation. Exposed to 
light and air, chlorofor 


Kk ™m decomposes into chlorine, hydrochloric acid, 
carbonyl chloride, COC, etc. ; the last is very POOR: 


CHCI, + 0 = CoC, + HCl 
Chloroform Carbonyl chloride 


amber colour, full to the neck, with al 


0 বত 
is believed to combine with COC! % of absolute alcohol which 


2 to form innocuous ethyl carbonate 
b 5 yl car ঠা 
(C,H,O),CO. Pure chloroform does not react with silver nitrate solu- 


tion, but the decomposed sample, containing HCl, vi ] i tL 
Purity of chloroform may thus be tested. চী EEL AL, 


0 
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Chloroform produces greater muscular relaxation than any oth: it 

Put 1 CS a the action of the heart. So itis ethploye d nied hes 
t ঢ ee 

ONE such as ether. Chloroform has been largely replaced by other 

Chloroform is reduced to methane by zinc dust and water at high 
temperature, and to methylene: chloride by zinc and hydrochloric 
acid (p. 76). 

CHClI, + 6H = CH, + 3HCL 


CHCI, + 2H = CHCl, + HCL. 
Methylene chloride 


On heating with alcoholic caustic soda, it decomposes as 


Aol Na| OH / OH OH 
HE-|CL + NalOH —> H-C=-OIH| =? HCC + HO 
Nc Na|OH Noun 0 


Unstable compound Formic acid 


HCOOH + NaOH = HCOONSa + H.0. 
Sodium formate 


1-2 drops of chloroform is warmed with a little aniline and alcoholic potash ; 
disgusting odour of phenyl isocyanide or carbylamine is perceptible. It is a 
very delicate test for chloroform as also for aniline. 


CHCI, + 3KOH + C,H.NH, = CH,NC + 3KCIl + 3H.O. 
Aniline Phenyl isocyanide 


Uses.—Chloroform is an anesthetic and an industrial solvent, 
particularly for alkaloids, resins and oils; it is a preservative for 
decoctions. It is used in dry cleaning. Spirit chloroform is a hypnotic 
and a sedative in medicine. 

Bromoform, CHBr,, a liquid (b.p. 148°), is made in the same way as 
chloroform. It has a high sp. gr. (2:88) and so is used in mineral analysis by 
floatation method. It was in the past used as a sedative in Whooping cough, 
sea sickness and asthma 

IJodoform, CHI,, is prepared by the action of iodine and alkali 
on ethyl alcohol or acetone. The mechanism of the reaction is similar 


to that of chloroform. 

0 g. of sodium carbonate is dissolved in 100 c.c. of hot 
water in a beaker and kept at 70°. ‘To this, are added slowly with stirring, 20 c.c. 
of alcohol and 10 g. of jodine. The mixture turns pale yellow and on cooling 
yellow crystals of iodoform separate. These are filtered, washed with cold water, 
and re-crystallised from alcohol. Caustic soda may replace sodium carbonate. 


4l, + NaOH + C:H:OH = CHI, + HCOONa + SNal +5H.0. 
Ethyl alcohol  lodoform 


Preparation-—3 


Todoform is manufactured by the clectrolysis of a dilute ethyl 
alcoholic or acetone solution of potassium iodide in presence of 
sodium carbonate: y 

2KI + 2H.O = 2KOH + H. + 1. 


S51, + HO + C:HOH = CHI; + CO, + THL 
Ethyl alcohol Iodoform 


Properties.—lodoform is a pale yellow, crystalline solid (m.p. 119°) 
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with a strong, sickly smell. It is insoluble in Water but soluble in 


warm alcohol. It is an antiseptic in surgery generally in the form 
of an iodoform gauze. TJodoform sublimes readily. Jt resembles 
chloroform in its chemical behaviour. On heating with caustic alkali, 
iodoform deconiposes into alkali formate like chloroform (p. 79). 


ZAM K|OH / OH 
EE KOH HCSOH , > HCOOH EHO 
NS) I KIOH NoH Formic acid 
IJodoform 


Unstable compound 


ith silver powder, iodoform yields acetylene: 


2CHI, + 6Ag = 6AgI + C.H.. 
IJodoform Acetylene 


odoform from ethyl alcohol with iodine and sodium 
€s as a test for ethyl alcohol (methyl alcohol ES Rot 
five it). But Any compound with CH, —-CO-—_C, or CH, -— CH 2 
Broup responds to this test. 


Fluoroform, CHF,, obtained from bromoform or iodoform and mercuric 
fluoride, is a very stable gas, practically non-toxic. 

Carbon tetrachloride, CCl,.—When all the hydrogen atoms of a 

Paraffin are replaced by halogen, we get a halide of carbon. EE 
such halides are known, e.g., CCl, CBr,, C,Cl,, etc. Of these, carbon 
tetrachloride is the most important for its extensive use as a solvent 
for rubber, fat and grease. It is a toxic, non-inflammable, colourless, 
and heavy liquid, stable at red heat. It is soluble in alcohol 
Or ether. Carbon tetrachloride (b.p. 76°) is used as a fire extinguisher 
under the trade name pyrene, and also in dry cleaning. It kills hook- 
orm, the average dose for adults being 2°5 c.c. Freon is made 
from carbon tetrachloride. 
. It is manufactured from carbon disulphide and chlorine at 40°-60° 
2 Presence of anganese chloride or iron powder. Sulphur chloride 
chlorinates fresh CS; to CCL, ; the sulphur is reconverted into carbon 
disulphide. < 


When heated w 


Formation of i 
carbonate serv 


Carbon disul, FS + Cl: = CCL, + SCL. 


Carbon tetrachloride 


CS, + 2S,C], = CCI, + 45S. 
U.S.A. makes it by chlorinating methane from natural gas at 


m: 
25040011 The reaction is exothermic and HCl is a bye-product. CCl, 
18, SEParatC DAD THOR Uno 


ন) a Eo alcoholic Potash, carbon tetrachloride splits into K,CO,, 


CCl, + 6KOH = 4kCL + 3H.0 + K.CO.. 
Hexachloro-ethane, CCl, a Volatile solid 
is a contact insecticide, non-toxic 


(m.p. 185°) smelling like camphor, 
killing mosquito larve. 


to man and higher animals. It is used for 

Difluorodichloromethane, CF.C1,, (b.p. 30°) is dEUS Las La Left 
Lerant in air conditioning under the trade name Freon. The gas liquefies easily 
under pressure and the heat Of Vaporisation Of the liquid is quite large. It is 
made from carbon tetrachloride and বৃ ন ie ৰ 
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chloride as a catalyst. It is very stable, non-corrosive and practically odour- 
less, and so, better than ammonia, sulphur dioxide or ethyl chloride. It is neither 
toxic nor inflammable. 


SbCI; 
3CCl. + 2SbF, —> 3CCI:F; + 2SbCI, 


Besides these, there are halogen derivatives of unsaturated hydrocarbons. 


In these, the halogen may be attached to the carbon atom having a double 
bond, or to one waich is singly linked e.g., 


(i) CH,=CH—CH,X, (ii) CH,.=CX:—-CH, or (iii) CHX=CH—CH,. 


Their properties as well as mode of preparation are different. The first 
type, however, behaves like alkyl halides. Bromo-ethylene, CH,=CHBr, and 
allyl iodide, CH,=CH—CH.l, of this group are largely used in various 
syntheses. 


Vinyl bromide or bromo-ethylene, CH,=CHBr, is usually prepared from 
ethylene by bromination and subsequent treatment with alcoholic potash when 
hydrobromic acid is removed: 


Br, 


: —HBr 
CH.,=CH, —> CH:Br—CH,Br —> CH,=CHBr 
Ethylene Ethylene dibromide Bromoethylene 


Acetylene gives vinyl bromide with HBr (p. 67): 


HBr # 
CF=SCH —> CH:,=CHBr. 
Acetylene Vinyl bromide 


Vinyl chloride, CH,=CHCI, made from acetylene and HCl, is a colourless 
gas that readily polymerises under the effect of heat and catalyst to polyvinyl 
chloride (PVC). lItis a white plastic widely used in making curtains, rain coats, 
bags, etc. 


Other halogeno-unsaturated hydrocarbons may be similarly prepared : 


Br, KOH (alc.) 
CH=CH —> CHBr,—CHBr:, —> CBr=CBr 
Acetylene Acetylene tetrabromide Bromoacetylene 


Calcium carbide, when. treated with iodine at very low temperature in 
potassium iodide solution, yields Cl, and Cl. Passed into a solution of iodine 
in liquid ammonia, acetylene forms Cil.. 


CaC, + 61 = Cal, + Cl. 


«' 
Tetraiodoethylene 


CaC,; + 41 = Cal, + C.1.. 


Di-iodoacetylene 


Tetrafluoroethylene, C:F,, a colourless gas, made from chloroform and 
SbF, at 650°, polymerises readily to a white plastic (Teflon & Fluon) which is 
extremely inert chemically (it is unaffected by boiling agua regia) and a very 
good electric insulator. 


Ailyl iodide, a liquid boiling at 103°, is prepared from glycerol with 
phosphorus and iodine. The reactants should bs present in right proportion, 
otherwise isopropyl iodide, CH..CHI.CH;, is formed. 


C.H.(OH), + P + I = C,Hil + HPO, + H,O. 
Glycerol Allyl iodide 
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QUESTIONS 


* 1. Describe the preparation of chloroform. What are its chief uses? 
What products are formed when chloroform is exposed to the action of (i) air 
and sunlight, (ii) KOH solution? (Pre. Med., England). . 


2. State what compounds are capable of yielding CHCI, on treatment 
with bleaching powder. Explain the course of the reactions, and describe how 


you would prepare pure specimens of chloral alcoholate, chloral, and iodoform. 
(B.Sc., London, 1933). 


3. A liquid may be chloroform, carbon tetrachloride Or acetylene tetra- 
chloride. By what reactions can it be identified? 
4. List the typical reactions 


K of the alkyl halides with equations, and 
point out their significance. 


5. Give an account of the general methods of preparation of halogen 
substitution products of the paraffins. 
. 6. Discuss the action 
iodide. Give equations. 

7. How 
Punjab, 1933). 


“8. Describe the preparation of iodoform. (B.Sc., Punjab, 1931). 


9. Describe the preparation of chloroform, giving a neat sketch of 
apparatus used. How is this substance identified, and what is the action of 
caustic potash solution on it? (B.Sc. Pass, Dacca Uni., 1934). 


10. Describe, with a careful Sketch, the preparation of a specimen of 
pure chloroform from alcohol, and explain the reactions which occur. What 


is chloroform used for? What are its chief Properties and reactions? (B.Sc. 
Pass, Calcutta Uni. 1940). 


ll. How would you prepare a specimen of chloroform in the laboratory? 
State its properties and uses. How ‘Would you test its presence in a liquid? 
(B.A. Degree Exam., 1942, Madras Uni.). 


of KOH, AgCN, ammonia and sodium upon propyi 


Would you test for chloroform in presence of iodoform? (B.Sc., 


2 
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CHAPTER VIII 
THE ALCOHOLS 


When one or more hydrogen atoms of the paraffins are replaced 
by a corresponding number of hydroxyl (-OH) groups, we get a series 
of compounds known as alcohols. They are, therefore, hydroxy- 
paraffins. Alcohols having one hydroxyl group are monohydric, those 
with more are generally called polyhydric alcohols. Thus, methyl 
alcohol, CH,OH, is a monohydric, ethylene glycol, HOH,C—_CH,OH, 
a dihydric and glycerol, HOH,C.CH(OH).CH,OH, a trihydric alcohol, 
the latter two coming under polyhydric alcohols. Any hydroxy-com- 
pound, however, is not an alcohol, 2 


70 is acetic acid and SLANE 
N\oH H/ 7 NOH, aldehyde-ammonia. 


‘Two or more hydroxyl groups are seldom attached to the .same 
carbon atom. In such cases, water eliminates and various compounds 


CH,—C 


result: 
CH. OH —H:O0 [6) 
NE ও ZL 
Eros CH,—C 
H/ Non TNS 
Aldehyde 
\ k CH, OH —H.O (6) 
De FE on 
CH, OH CH; 
Ketone 
CH, OH" —H:0 (6) 
Ce CHL 
HO OH OH 
Acid 


Alcohols are further divided into primary, secondary and tertiary. 
(a) Primary alcohols contain —CH,OH group 1.e., the carbon bearing 
the hydroxyl group is linked to at least two hydrogen atoms. The 
monovalent —CH,OH group is at either end of a straight chain, e.g., 
ethyl alcohol, CH,.CH,OH. 

(b) Secondary alcohols have the hydroxyl group attached to a 
carbon to which only one atom of hydrogen is linked, i.e., the 
-CHOH- group is present in these; e.g., isopropyl alcohol, 
CH,.CHOH.CH.. The divalent -CHOH- Eroup may be in any position 
except the ends in a straight chain. 

(c) In tertiary alcohols, the hydroxyl group is linked to a carbon 
having no hydrogen 1.e. the >C(OH)- group occurs in them; tertiary 
butyl alcohol, (CH,),COH, is an example. 
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Nomenclature and isomerism of the alcohols.—There are three 
ways of naming alcohols. The oldest is to name after the group to 
which the hydroxyl group is attached, e.g., 


CH,—OH, CH,CH,—OH, (CH;),.CHCH,—OH. 
Methyl alcohol Ethyl alcohol Iso-butyl alcohol, etc. 

Here the surname, alkyl group, precedes the family name alcohol. 
This is not satisfactory for naming a fairly large number of isomeric 
alcohols derived from pentane (giving 8), hexane (17), heptane (88), 
etc. In the second manner, ‘—e’ at the end of a paraffin is changed 


into ‘—ol’ The Geneva system is applied, the side-chain is numbered 
and also the —OH group located by a number. 


CH 

| 
CH, CH, (et 5 CH..CH..CH.CH,.OH 
Methane Ethane Hexane 2-methyl-1-butanol 
CH.OH C:H.OH C.H,,OH CH,CH(OH)CH.(OH) 
Methanol Ethanol Hexanol 1,2-propanediol 


In the third, alcohols are expressed as derivatives of methyl 
alcohol, the simplest member, which is called carbinol (carbine alcohol) 


, CH,—OH (CH,),.CH—OH CH,—CH,—C(CH,)H—OH 
Carbinol Dimethyl carbinol Ethylmethyl carbinol 
The hydroxyl group may substitute any hydrogen in a carbon 
chain, and be linked to different carbon atoms. We thus have isomeric 
alcohols. The hydroxyl group may remain attached to a particular 
carbon in the chain, but the arrangement of the remaining hydrocarbon 


portion may be different. We shall again have isomers. Thus butyl 
alcohol exists in four isomeric forms: 


CH,—-CH,—CH,—CH.OH, CH,—CH.—CHOH—CH,, 

Primary n-buty alcohol Secondary n-butyl alcohol 
(CH,).CH.CH,.OH and (CH.),.C.OH 

Primary isobutyl alcohol Tertiary butyl alcohol 

The monohydric alcohols have the general formula C,H... OH 

and may be looked upon as alkyl hydroxides, R-OH. They apparently 

resemble metallic hydroxides. If the alkyl group is Unsaturated, we 

have an unsaturated alcohol. The most important are methyl alcohol 

CH,OH, and ethyt alcohol, CH,CH,OH. 2 ki 


Methyl alcohol, CH,OH, methanol. Wood-naphtha or wood-spirit 
(Greek methu, wine ; hule, wood) occurs in combined state in en) 
and some essential oils, e.g., oil of Wintergreen which is methyl TE late 
By general methods of Preparation (q.v.) one may but 2 i 
Obtain methyl alcohol. It is manufactured by the following methods: 
—Most of the methanol of commerce is made 
ater gas with half its volume af hydrogen under 


Synthetic process. 
by passing purified w 


ঁ 
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pressure (200-300 atmospheres) over a mixture of oxides of zinc and 
chromium or a chromate, heated to 3550°-400°. In U.S.A. the mixture, 
CO+2H,, is obtained by the partial oxidation of methane (of natural 
gas) with oxygen from liquid air. 

(CO + H:) + H: €£=—> CH:OH + 24-6 kcal. 

Water gas . Methyl alcohol 


The conversion is 20-25% depending upon conditions. A little 
of other alcohols e.g., butanol, is also formed together with some 
methane, CO, etc. Since water gas is made by passing steam over 
red-hot coke (C+ H,O0 = CO + H,), this may be regarded as a 
‘synthesis from elements.’ 

Another commercial synthesis consists of heating CO. and H; under pressure 
in presence of ZnO ; other products e.g., methane are also formed. 

CO, + 3H, —> CH,OH + H.0. 

In 1955, U.S.A. produced 204 million gallons of synthetic methanol and 
only 2:3 of WoOd-spirit, the former more cheaply. The world production of 
synthetic methanol is about 23 lac tons, that of wood-spirit only 25 thousand 
tons. Methanol (in U.S.A.) was a dollar a gallon in 1919 but only 30 cents in 
1955. 

From wood.—When wood (with 15-20% moisture) is heated in 
large iron retorts, out of contact with air (destructive distillation), for 
about 80 hours to 350°-400°, we obtain: : 

(i) an inflammable mixture of gases (‘wood gas’) consisting mainly of 
methane, carbon monoxide, carbon diodixe and nitrogen (25%). 


(ii) an aqueous distillate called ‘pyroligneous acid’ (pyro, fire; lignum, 
wood), containing methyl alcohol (2-4%), acetone (up to 0°5%), 
acetic acid (about 8%), and traces of other substances (45%). 


(iii) wood-tar having phenolic bodies and other substances (5%), and 
(iv) wood charcoal, left in the retort (25%). 


Roughly, wood yields about 1% of its weight of methanol. It comes 
from lignin which has methoxy (CHO —) groups. The wood gas heats 
the wood for distillation. Pyroligneous acid with the tar distils over. 
On standing, a reddish brown, aqueous liquid separates. It is removed 
and distilled from a copper vessel. The vapour is led through hot milk 
of lime to get calcium acetate. Methyl alcohol (b.p. 64°5°), acetone 
(bp. 56°) and water pass over and are condensed. By fractional distilla- 
tion over quicklime, methyl alcohol is separated. The residue of fer- 
mented beet-root molasses is likewise distilled for methyl alcohol. 


Methyl alcohol is also made by incomplete combustion of methane, e.g., 
by passing CH, and 0: under 100 atmospheres through a copper tube at 200°; 
the conversion is about 17% (p. 43). 

= 2CH, + 0, = 2CH,OH. 
, Methyl alcohol 

The only wood distillation factory at Bhadrawati makes about 420 tons of 
methyl alcohol per year. 2 ] 

Purification.—Commercial Wood-spirit contains 1-2% of acetone (detected 
by the iodoform test, p. 79) which is removed by dry chlorination of the hot 
liquid followed by fractional distillation. Trichloro-acetone remains behind and 


~~ 
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anol passes over. By treating wood-spirit with fused calcium chloride. 
i CHTEElnd CaCl, + 4CH,OH, is Obtained. This is separated and 
the residual acetone Squeezed out; y y :ং r 
methanol may be obtained by treating with oxalic acid ; 
formed is washed with water to remove acetone and the 


potash ; methanol and water distil over. 
lime and redistilled. 


Solid methyl oxalate 
1 boiled with caustic 
It is dried over freshly ignited quick- 


2CH,OH + HOoc-cooH —> H,COOC-COOCH, + 2H.0 
Oxalic acid Methyl oxalate 

H,COOC—COOCH, + 2KOH —> KOOC-COOK + 2CH,OH 

Pot. oxalate Methanol 
Properties.—Methano! is a colourless liquid (b.p. 645°) with a 
Pleasant odour and a burning taste. It is Poisonous, causing blind- 
Ness, madness and death depending upon the dose. In the body it is 
slowly oxidised to formic acid (which is toxic) and not to innocuous 
2. It is, therefore, used to ‘denature’ i.e., render unfit for drinking 
ethyl alcohol (for making methylated spirit). Methanol is miscible in 


all proportions With, and lighter than, water. On oxidation, it finally 
gives carbon dioxide: ; 


(0) 
CH.OH —> HCHO 
Methyl alcohol Formaldehyde 


With sodium, it reacts vigorously and gives sodium methoxide, a 
solid. Methanol is a very weak acid (KA =1 x10-1); methoxides are 
readily hydrolysed by water. 


[) [0) 
=> HCOOH —> C0, 
Formic acid 


2Na + 2CH,OH = 2CH.ONa + H.. 
ট Sodium methoxide 
Magnesium methoxide, made likewise, is used to remove the last 


traces of water from methanol: Mg(OCH,), + HO = 2CH,OH + MgO. 
With cone. H.SO,, it first gives methyl 


CH,HSO,, and finally dimethyl sulphate, (CH,).SO, 
Heated with soda-lime, methanol forms sodium formate: 
CH,.OH + NaOH _y> HCOONa + H. 


Odium formate 


h a few drops of 
cylate with a chara. 6 


hydrogen sulphate, 


Tests: (i) On Warming wit d inch of 
salicylic acid, methyl sali Cteristic ONO LE 
(ii) A red-hot piece of Copper gauze is drop! i ini 
Ped into a test-tube containing 
LEE ot douse BCL € alcoho] is oxidised to formaldehyde 
si ens € Copper gauz j ion. 
Methyl alcohol does not give iodoty 8 © becomes bright due to reduction 


mM reaction like ethyl alcohol. 
Uses.—Methy]l alcohol is chi 


making formal- 
dehyde, dyestufls, Perfumes, Pharmaceuticals Varnishes, POL etc. 
and also as a solvent for castor hy] cellulose, colophony. Mixed 
With methyl acetate and acetone, methyl alcohol forms an excellent 
solvent for lacquer. 3 i the automobile in 
U.S.A. and also for making methylate Germany, it is one 
of the constituents of an alcohol-petrol fucl. Dd 


methanol is recovered by distillation. Pure" 


| 
| 
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Structure of methyl alcohol.—Methyl and other alcohols behave like 
hydroxides towards metallic sodium, phosphorus pentachloride, etc. 


.2HOH + 2Na = 2NaOH + H.. 2CH,OH + 2Na = 2CH,ONsa + H.. 
Sodium methoxide 


HOH + PCl, = HCl + HCl + POCI,. CH,OH+PCI,; = CH,CI+HCI+POCI,.. 
Methyl] chloride 


Acids react with caustic soda producing salt and water ; with al 
Sj + b [) 
produce ‘organic salts’ or esters and water : hols, they 


NaOH + HCL = NaCl! + H.0. CH.OH + HCl = CH,Cl + H.0. 
Methyl chloride 


Like water of crystallisation, methariol enters into some c টু 
e.g, CaCl,4CH,OH or MeCl..6CH.OH. Alcohols are alkyl EAS 
water, i.e.. ROH. From analytical data, methyl alcohol is CHO. Of the four 
hydrogen atoms, only one is replaceable by sodium. PCl, removes an —OH 
group and the product, CHCl, has no replaceable hydrogen. Methyl alcohol 
is formed when methyl chloride, CHCl, reacts with aqueous caustic potash: 
CH,Cl + KOH = CH,OH + KCl, which indicates an -OH group. With OTA! 
valencies of C, O and H, the only way of represnting methyl alcohol is 


H 


| 
& HGF or 
H 


In alcohols, R-OH, the electron-repelling alkyl group makes 
electrons on the oxygen atom more readily available; the hydrogen 
atom, therefore, ionises less readily than in water. Alcohols have 
consequently a lesser tendency to form hydrogen bonds by which 
they associate. CH,OH with a higher mol. wt. boils at a much lower 
temperature than water, due to a lesser tendency to associate. The 
analogy between alkyl hydroxides and inorganic hydroxides is only 
superficial, the former being neutral. 

Ethyl alcohol, C,HOH.—By far the most important is ethyl 
alcohol, the next homologue, simply called alcohol. It is known in 
commerce as ‘spirit of wine’ or grain alcohol and is manufactured by 
the fermentation of sugar solutions with yeast, from ethylene (p. 59) 
or acetylene (p- 68). In 1955 U.S.A. made 80% of her industrial alcohol 
by synthetic process. 

Yeast is a low form of plant life, consisting of only one cell with 
a thin coating of cellulose around it. Unlike green plants, yeast 
does not derive, its principal food from outside air and water but lives 
upon decaying animal and vegetable matters, the energy necessary 
for its growth coming from the decomposition of sugar-like bodies. 
Thus, if a few yeast cells be added to a dilute aqueous solution of 
glucose (grape-sugar) kept at 20°-80°, the liquid begins to froth 
shortly. Carbon dioxide evolves, which makes it appear boiling, 
though there is scarcely any rise of temperature. About 95% of the 
sugar is thus converted into ethyl alcohol and carbon dioxide through 
intermediate steps: 

CHO, = 2C.H.OH + 2C0.. 
Glucose Ethyl alcohol 


some 
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A. Lavoisier (1789) expressed this reaction quantitatively as 
Grape juice = alcohol + carbon dioxide, the first chemical equation. 


Such chemical change brought about by ‘living cells’ is known 
as fermentation (fervere, to boil). Complex Organic molecules are 
thus broken into much simpler ones. Fermentation has been used 
from the earliest times for making alcoholic beverages. The reaction 
is catalytic, the bio-catalyst here is a highly complex Organic substance 
known as enzyme (from Greek, en and Zyme, meaning ‘leaven’) secreted 

by plants and ‘animals. To Obtain purified 

protein, E. Buchner (1897) ground yeast with 
sand, filtered off broken cells and added sugar 
solution as a preservative to the filtrate. Strange- 
ly enough, the cell-free extract fermented the 
sugar rapidly. The enzyme, zymase, can 
Obtained from the dry, 
Pressure or with solvents, Fermentation is not 
directly a vital EE formerly believed. 
4 Zymase owes its Origin to living matter, no doubt, 
EG AY Bs le ‘devoid of life. DIE fe 
there is liberation of energy which 

a sugar solution, grow and divide, 
ed one 
Enzymes, 
in plants 
and precipi- 

tated by neutral salts. They are usually active between 20°-55° and 
PH 2-8, and susceptible to small changes of temperature and pH. Most 
of them become inactive On heating their solution above 80° for a while. 
drolytic but some are oxidising-reducing also. 
h heir names from the substances they act upon, 
by adding—ase, €.g., Maltase splits up maltose. The action of an enzy- 


EC US CCHVC it CANDO decompose any substance, just as one key 
cannot open Cvery lock 


cane-sugar. Besides zs Thus, Zymase cannot Produce alcohol from 
Sucrase or invertase SE Yeast generally contains another cenzvme 
and fructose (2 Ras Ica hydrolyses cane-sugar into isomeric glucose 
into alcohol and carb Sugar). These are then decomposed by Zymase 

a OU dioxide. Thats Why when yeast is added to 
cane-sugar solution, the fermentation action becomes visible only after 


some time. 


Fructose 
Manufacture of alcohol. HALAlcohol ন্‌ 
ও as Bo ES Oat, rice, etc., and al 
ACtOr1es, Ut never rom cost] - ‘ A 1 

etc., or potatoes consist mainly of sae 2 ES ie ৰি 0 
of glucose. Starch is hydrolysed to Blucose “which: ot X £ lds 
alcohol. (Potatoes are cut Into thin slices and heated with i ঠি under 
Pressure at 140°-150°. Cell. walls of Plant tissues burst 3nd SE) 
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granules are exposed. The whole is thu i 
ES. 4 Ss converted in 
Hydrolysis is then effected with ‘malt’ or ‘Mucor’. LOM 


Malt is barley seed germinated b j| i 
z ly soakin EA eS £ 
Aa) atmosphere at about 15°. During HETIL ORE aa i) ina 
(amylase), is formed. Germination is arrested by Heat Er EE iastase 
should not be high enough to destroy the enzyme itself. AEE temperature 
of amylase are certain mould fungi, notably species of ASHER native sources 
For the hydrolysis of rice in making the famous Tapes! DE and Mucor. 
yillus oryze is used. Certain mucors are employed for DFO ASper- 
alcohol from starchy materials. ly ucing industrial 
Malt in the British Isles and mucor ir ন 
2 1 the continent 
monly used. ‘To the starchy mash of potato or cereal, malt i নৰ 
and the temperattire raised to 50°. Fermentation sets in and ঢ় রি 
is converted mainly into maltose (or malt-sugar), a little EAE 
(CH,Osn, may also be formed. The hydrolytic enzyme LESS 
resent in the malt brings about this change. The reaction is co ee 
In about half-an-hour. The liquid is cooled to 15° and yeast aE 
Another hydrolytic enzyme, maltase, present in most eae Raed 
lyses maltose to glucose which is finally fermented by z nl TO- 
alcohol. The temperature is maintained slightly above FE 2 
operation requires about four days. The liquid is then distilled Ce 
obtain aqueous alcohol. to 
2(C,H,.O.)n + nH.O = nC,.H,,0,,. 


Starch Maltose 
Ci; H::0,, + HO —> 2C,H,.0, —> 4C.H.OH 
Maltose “Glucose * Ethyl EEG 


h can be hydrolysed to glucose also i টি % 
the liquid is HeNialised with Jjne) and eR LED 
is a simpler way but much of the starch is converted by side-reaction i iS 
unfermentable products. On into 
Only a dilute solution of alcohol can be obtained by fermenta- 
tion, for the yeast cell is killed when the concentration of alcohol 
- reaches about 15%. The fermented liquor (wash) containing 8-10% 
alcohol is distilled in Coffey’s still and by one operation, a spirit ot 
80-90% strength is obtained. The essential parts of a Coffey’s still 
are two tall fractionaung columns, known as analyser and rectifier 
through which steam and alcohol pass in opposite directions. In Ee 
analyser, the steam takes away the alcohol vapour from the dilute 
alcohol, which condenses at the top of the rectifier and is sent to the 
receiver. This is called rectified prt containing 95:6% alcohol b. 
weight. Besides alcohol, fusel oil, glycerol, acetaldehyde, succinic | 
acetone, etc., Are also formed in varying amounts during fermentation. 
These are removed during fractionation. The yield EEE 
t 85% of the theoretical. In India alcohol for drinking 


starch is abou ? 1 
is produced extensively by fermenting mahwa (Bassia latifolia) flowers 
which are rich in glucose and fructose. 


AHslute alcohol (b.p. 78°5°) having no trace of water, cannot b. ডী 

by fractionation as a constant-boiling (or azeotropic) mixture (b.p. TBE 
4:43% of water is formed. If, however, it is distilled over fresh quicklit 
alcohol containing about 0°3% of water is Obtained. This is commonly KO 


Star 
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as absolute alcohol. The last traces of water can be removed by distillation 
over requisite quantity of metallic magnesium or calcium and collecting in 
absence of moisture. Absolute alcohol is now in great demand as a com- 
mercial solvent. Alcohol is also dehydrated by adding benzene. Benzene, 
alcohol and water form a low-boiling ternary mixture (b.p. 65°); when this is 
driven off, a binary mixture of benzene and alcohol (b.p. 68°25°) oes next and 
finally absolute alcohol distils at 78°'5°. The benzene is recovered and used 
again. Traces of water in alcohol may be detected by adding anhydrous copper 
sulphate (which turns blue , OT calcium carbide (which produces acetylene Eas). 


Alcohol from molasses.—Molasses, the mother-syrup from the crystallisa- 
tion of cane- or beet-sugar, contains sucrose (about 30%) and invert-sugar 
(nearly 32%). It is fermented to alcohol ; the invertase of yeast converts the 
Sucrose into invert sugar. The dark-coloured, thick liquid is diluted with water 
to make a 10% solution of sugar. A nutritive solution “(e.g., ammonium 
Sulphate) is added if sufficient yeast food is not already there. A little sulphuric 
+ acid retards bacterial action. The yeast thrives most vigorously in slightly acid 
solution. In wooden or enamelled iron vessels the liquid is mixed with yeast 
(5% by volume of the liquid) and maintained at 21°-37'8°. Heat is evolved 
during fermentation which is complete in about 3 days. Under optimum condi- 
tions, 90% of the Sugar is fermented in 36 hours. 


The weak alcohol (7-8%) is rectified as usual to 95%. About 0'4 gallon of 
rectified spirit is obtained from a gallon of molasses. 101°37 lac gallons of 
Power alcohol, 50°95 lac gallons of rectified spirit and 34°70 lac gallons of 
denatured spirit were produced from molasses in India during 1957. Ethylene 
for making Polythene is derived from fermentation alcohol in India. £ 
.  Bye-products of alcoholic fermentation.—The carbon dioxide is solidified 
Into ‘dry ice’, and also used for making synthetic methanol. One ton of 
molasses yields on fermentation about 5201b. of CO.. Tartar, the brown 
Solid that separates during fermentation, is acid potassium tartrate, from 
Which tartaric acid and Rochelle salt (q.v.) are made. Fusel oil, a bright 
yellow, oily liquid with nauseating odour, is the last runnings in the distilla- 

On. of crude spirit. The chief constituent is iso-amyl alcohol or isobutyl 
carbinol, (CH;),.CH-CH,-CH,OH, (b.p. 131°); traces of two propyl alcohols, 
butyl alcohols, some esters, etc. are also present. It is worked up for amyl 
atin amyhm, starch) alcohol, an industrial solvent. Fusel oil is formed 
Y the action of yeast on certain amino-acids (such as valine and leucine) 
derived from proteins of starch. Its amount in raw spirit can be increased by 
adding leucine to the fermenting liquid. Normally. it is about 0°6% of the 
Sugars fermented. Amy] acetate (oil of pears) is a valuable solvent for varnishes, 
itis also used in confectionery and fruit essences. 


Alcoholic beverases.—These have different percentages of alcohol. There 
are two Classes—-distilled and undistilled. They contain colouring and flavouring 
materials besides 2 large proportion of water. Fortified wines e.9. port or 
Serry contain added alcohol. Dry wines have little or no sugar. Port, sherry, 
hock, claret, champagne, etc. are different varieties of wine. 


Distilled Undistilled 
Name . Source % Alcohol | Name Source % Alcohol 
Whisky malt 35-40 | Beer, ale malt and hops 3-6 
Rum molasses » | Wines grape juice 8-12 
Brand Fe be 
COEHARE Lrape juice 40-50 Port, sherry 3 14-20 
Gin Maize sbout 50 | Gider apple juice 4-8 


yt 
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Alcohol gets oxidised in our system and supplies heat e I 

\lcoh ): ) ন) nergy. 

no digestion but its harmful effects outweigh its food Es HERE 

doses, it partially paralyses the nervous system and produces intoxication. 

It generally proves fatal when the concentration in the blood exceeds 0°69; E 
%. 


Manufacture of beer.—Barley is moistened to germi 
diastase, thus formed hydrolyses the starch in barley fo ELEIESG and GES 
raising the temperature to 50°, germination is arrested. The sweet a EO 
extract, called wort, is boiled with hops (which supplies a preservative. 5 i- 
tates proteins and also gives 2 flavour), cooled to 30° and yeast added to ki 
Fermentation is continued until the concentration of alcohol in the liquid is 
about 5%. The resulting beer 1s filtered off and a little CO, may be added to it 


Methylated spirit is rectified spirit rendered unfit for drinking by adding 
poisonous and unpalatable substances, such as wood-spirit. (about 10% 
pyridine or mineral naphtha (a petroleum product), etc. Spirit is generally 
denatured in India by adding 0:5% light caoutchoucine (obtained by distilling 
vulcanised rubber) and 0°5% pyridine bases of guaranteed mineral origin 
Methylated spirit is extensively used for making varnish and domestic purposes. 


It is duty-free. 

Power alcohol.—The petroleum resources of the world are likely to be 
exhausted soon even at the present rate of consumption. Synthetic petrol 
(p. 54) partly solves the problem. Alcohol is a motor fuel used with petrol and 
benzene, etc. Alcohol for the generation of power is known as power alcohol. 
Industrial rectified spirit does not mix with petrol but absolute alcohol does. A 
third component—ether, benzene or tetraline—is added if rectified spirit is used. 
In France, Germany, Italy, etc., mixing of 20-30% alcohol with petrol is com- 
pulsory. India’s petroleum resources are very limited. Power alcohol from 
waste molasses Saves petroleum ; it is denatured with kerosene, benzene or petrol. 


Proof spirit.—Alcohol and its preparations are taxed in all countries—in 
England the tax is £7, in U.S.A. S40, and in India, about Rs. 70/- per gallon 
of absolute alcohol. The specific gravity of a sample being known, the p.c. of 
alcohol in it is obtained from standard tables: When alcohol mixes with water, 
the volume contracts. Excise people use hvdrometers that read the p.c. of 
alcohol in terms of ‘proof spirit. Proof spirit is 57°1% alcohol (by volume) at 
60°F and has a Sp. gr. 0°91976 at 60°F. The strength of a liquor is expressed 
as degrees under or Over proof, according as it is weaker or stronger than proof 
spirit. Thus 10° over proof means that 100 volumes of the liquid, diluted with 
water, will give 110 volumes of proof spirit; 10° under proof means that 100 
volumes of the liquid contain as much alcohol as 90 volumes of proof spirit. 
The tax is levied on the basis of proof spirit. This determination of strength 
of alcohol goes by the name of alcoholmetry. Formerly, the strength was roughly 
determined by pouring alcohol over gunpowder and lighting it. If the gunpowder 
could be ignited after the alcohol had burnt away, it was taken as a proof that 
the alcohol did not contain too much, water. Such alcohol was termed proof 
spirit ; if the powder did not take fire, it was called under proof. 

Properties—Ethyl alcohol is a colourless, volatile liquid with a 

i aste. boils at 78°5° and } j 
pleasant smell and a burning taste Jt 01! and has a specific 
gravity © 0°789 at 20°. It is miscible with water in all proportions 
with evolution of heat and contraction in volume. It freezes at —114° 
and" 50: is used in thermometers for measuring low temperatures. 
Alcohol is a good solvent for many organic compounds, and has exten- 
sive use in pharmacy for making tinctures and extracts. It is highly 
n roscopic ; it burns with a pale blue flame. In small doses, alcohol 
ন sood stimulant but in large quantities, It acts as a poison. Drink- 
El ie opium eating, 1S habit-forming. Tt favours accumulation of 
ৰ d fat in the body. Heated alone, alcohol remains unchanged 
upto 800°, but in presence of alumina, yields ethylene at about 360° 
(p- 58). 
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Uses.—Ethyl alcohol is employed for making methylated spirit (for 
varnishes, lacquers, etc.), ether, ethylene, chloroform, iodoform, acetic 
acid, etc. and also transparent soaps, hair washes, tinctures and tonics. 
Alcohol is required in the dye and rayon industries, it is a cheap 
solvent. Power alcohol is used in automobiles ; it is also an antifrceze 
for radiators. Ethyl esters make fruit essences and perfumes. Alcoholic 
beverages are well known ; its minor uses are for sterilisation in 
surgery, in spirit lamps, etc. 


Reactions.—(1) Sodium or potassium dissolves in alcohol Producing 
ethoxides (or alcoholates) and hydrogen: ট 


2C.H.OH + 2K = 2C.H,OK + H,. { 
Pot. ethoxide | 


ৰ ) 
Metals above hydrogen in the electrochemical series liberate hydrogen 
from alcohol ! 


Sodium ethoxide is an important catalyst. It is readily hydrolysed 
” Water to C,H.OH and NaOH ; ethanol is a yery Weak acid (Ka = 74x 107). 


@) Phosphorus tri- or penta-chloride fives ethyl chloride: 


3C:H.OH + PCI, = HPO, 4. 3C,H.C1. l 
Ethyl chloride 


HEE OH TE EC CHC] HOI BOC: 
The 


HiChLOr de less volatile but more active, pentachloride is preferred to the 


j Thionyl chloride, SOCI, e of pyridine, yields alkyl 
Chlorides from REDO Ine o0d Vie] nA Presence 


(8) With acids, organic or i 
(or €sters) and water. When t 
replaced by an alkyl radical, we 
chydrating agents, the reaction 


organic, alcohol gives organic salts 
he ionisable hydrogen of an acid is 
fet an ester. In presence of suitable 
(from left to right) goes to completion. 


C,H,OH + CH,COOH <> C:H.OOCCH, + H,0 


cetic acid Ethyl acetate 
GH.OH + Ho) > C.H.Cl + HO 
Ek Ethyl chloride 4 


(4) Strong sulphuric 


acid reacts with alcohol in three ways: 
(@) At about 100° 


ethyl hydrogen sulphate is formed: 


“CHO = C,H,HSO, + H.O. 
b it HE Ethyl hydrogen sulphate 


(3%) With CXcess acid and at about 165°, ethylene results (p. 57). 
C.H.OH + H.SO, = C.H:HSO, + HO. 


2 IO, = CH, + H:S0O,. 
EE Ethylene 
(th) TF te alcohol be in excess, we get ether at about 140°. 
CH; :OH = CH,—O—C.H, + HSO.. 
HHSO, + CH ন 
(5) Ethyl alcohol is oxidised to acetaldehyde by potassium 
dichromate and moderately strong sulphuric acid. If the reaction be 
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prolonged, we get acetic acid. The first-step i 
primary alcohol, RCH,OH, is an aldehyd 
vapour mixed with air over.heated- 
is made commercially. 
CH,CH,OH + © = CH,CHO + H: =. CH,COOH. 
Acetaldehyde Acetic acid 
(6) If alcohol vapour and air be passed over heated platinised 
asbestos, acetic acid results. A dilyte solution of the alcohol, exposed 
to air in presence of bacterium acéti, forms acetic ‘acid. 
 CH,CH{OH + 0, = CH.COOH + H.0. 
4 « Acetic acid 
(7) Chlorine oxidises ethyk#lcohol to acetaldehyde ; with excess of 
chlorine, chloral is produced: With excess of alcohol, acetal (p. 180) 
results from the acetaldehyde. 
~CH,CH.OH + Cl, = CH.CHO + 2HCI. 
Acetaldehyde 
CH,CHO + 3Cl, = CCI.CHO + 3HCI. 
Chloral 
8) On heating above 800°, ethanol decgmposes into ethyl and 
nd acetaldehyde and hydrogen. A y 
(9) Alcohol reacts with bleaching powder and 
roform (p. 71). 
chloro (P- 77) + Ca(OH). 
CH,CH,0OH ——> CCLLCHO ———> CHCl 
Chloral {Chloroform 
(10) With bromine (or iodine) and red phosphorus, we get ethyl 
bromide (or iodide) from alcohol (p. 72). PCI, similarly yields ethyl 


chloride, CsHCl { 
2P + 3Br, = 2PBr.. PBr + 3C:H,O 


n passing alcohol . 
00°), acetaldehyde 


water to form 


iE FPO, + 3C:H.Br. 
Ethyl bromide 


(11) Iodine and alkali give iodofon swith ethyl alcohol (p. 79). 


Traces of alcohol are thus detected. ডি 
j NaOH = CHI, + HCOON} + SNal + SHO. 
GCIHLEOHSE 4l, + 6Nal PE 


General methods of preparation. —(1) By boiling alkyl hali des 
©, with aqueous caustic potash or treating them with moist silver oxide 
(P- 74). Formation of olefine is largely avoided in the latter case. 
C.H.I+ KOH = C.H.OH + KI. 
Ethyl iodide Ethyl alcohol 
Since alkyl halides may be obtained directly from hydrocarbons, it may be 
regarded as a synthetic process: 


H GIHSL Hae 
GE. 2 GH 2 CHL 2 A CIHLON 
OEE 2 Acetylene Ethylene Ethyl iodide Ethyl alcohol 


92) By absorbing olefines in fuming sulphuric acid and hydrolysing 
he py roduct (p. 59) Propylene and higher olefines yield secondary 
and tertiary alcohols. 

CH=CH; + H.SO, = CH.CH.HSO.. 
ERY Ethyl hydrogen sulphate 
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CH,CH.HSO, + H.0 = CH,CH.OH + H.SO.. 
Ethyl alcohol 
CH.CH=CH, —> CH,CH(HSO)CH, —> CH,CH(OH)CH, 
Propylene Sec. propyl alcohol 
(8) Sodium amalgam and water, or nickel and hydrogen reduce 
aldehydes to primary alcohols, and ketones to secondary alcohols. 
CH.CHO + 2H = CH,CH.OH. 
Acetaldehyde Ethyl alcohol 
CH,COCH, + 2H = CH,-CHOH-CH.. 
Dimethyl ketone Isopropyl alcohol 
Ketones with alkyl magnesium bromide give tertiary alcohols: 


CH CH, OMgBr CH, 0H 
C=0 +- C,.H,MgBr Sc EE CE 
CHL > on Sn CHA NCH; 


Dimerhy] ketone Ethyl magnesium bromide Dimethyl ethyl carbinol 


. (4) Nitrous acid and primary alkyl amines, R-NH,, (q.v.) yield 
Primary alcohols. 
C:H.NH, + HNO, = C.H.OH + N; + HO. 
Ethylamine Ethyl alcohol 
(5) By catalytic reduction of esters of higher fatty acids, higher 
alcohols are obtained. These are converted into sulphates, sodium salts 
of which (RO.SO,Na) form a new class of detergents and wetting agents. 


R.CO.OR’ + 2H, = R.CH.OH + R’OH. 


(6) Lithium aluminium hydride, LiAIH,, in ether solution reduces 
fatty acids to Primary alcohols: 


4RCOOH + 3AILIH, +2H,O = 4RCH,OH + 3LiAIO, + 4H.. 


Oey alipla i Properties.—As is characteristic in a homologous series, 
They a ESE alcohols closely resemble methyl and ethyl alcohol. 
liquid at ord; Tess and neutral to litmus; the lower members are 
I ‘nary temperature. ee consistency becomes oily ৰহ ve 
, And from 25OH, they are waxy solids. 

€ lower alcohols Possess a distinct ত 0; EE CC; rember 
C,» have sweet smell but the higher ones 


d Ee Ree EEE 
mol. wt. (or the টড EL Solubility in water diminishes as the 


Propyl alcohols are miscibl 
Ty 20) is insoluble in Wate. 


MELTS 0m 
| |) 


R R R R 
. Alcohols react with metals above hydrogen in the clectromotive 
Series to produce alkoxides or alcoholates ; with acids they form esters, 


a: he Ate A 


PN ET 
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with Phosphorus pentachloride they yield alkyl chlorides, and so on 
Alcohols are difficult to reduce ; they, however, form the corres ORD ; 
alkanes on heating with strong HI and red Phosphorus. ALES an 
solve in strong acids forming oxonium salts like ethers (Pp. 121); they 
are more soluble in aqueous solutions of Strong acids than ai due 
to the competition of alcohol and water mols. for the Proton. to 


R:O:H + H:Cl: —> R:O:H + :cL:- 
H 
The alcohols, C,H.,+,O0H. 
Name Formula b.p. °C. Sp. gr. Solubility 
at 0°C in water 
Methyl alcohol, CH,OH 64:5 -814 Miscibl. 
Ethyl alcohol, C.H,OH 785 "806 a 
a-Propyl alcohol, C,H,OH 97 817 ie 
Iso-propyl ,, ্ে 82 "786 be 
n-Butyl alcohol, C,H,OH 117 "823 1:12 
Iso-butyl ,, 2 107 esp. 1:10 
Sec. butyl, ) 99 ‘810 1:8 
Tert. butyl ,, 3 83 ‘784 Miscible 
n-Amyl alcohol C5H,,OH 137 ‘829 Insoluble 
Iso-amyl ,, rp 131 "824 সর 
n-Hexyl alcohol, CH,,OH 157 "833 


Distinction between primary, secondary and tertiary alcohols 


(1), By oxidation: (@) Primary alcohols yield first aldehydes and then 
acids, both having the same number of carbon atoms as the alcohols. 


[9) (0) 
CH,CH.CH.OH _—> CH,CH.CHO -_> CH,CH,COOH 
1-Propyl alcohol Propionaldehyde Propionic acid 


(2) Secondary alcohols form ketones -with the same number of 
carbon atoms as the original alcohol but on further Oxidation, give 
acids with a fewer carbon atoms: 

CH,CHOHCH, + O = CH,COCH, + H.0. 
Isopropyl alcohol Dimethyl ketone 
CH,COCH, + 20: = CH;.COOH + CO, + H.0. 
Acetic acid 

(c) Tertiary alcohols form ketones with a fewer carbon atoms, and 
on further oxidation, acids with still fewer carbon are produced. Ter- 
tiary alcohols are difficult to oxidise. 

(CH.),.COH + 40 = CH,COCH, + CO; + 2H.0. 

Tertiary butyl alcohol Dimethyl ketone 

CH,.CO.CH, + 40 = CH,COOH + CO, + H.0. 
Acetic acid 

(i) On passing the vapour over heated nickel, a Primary alcohol 
gives an aldehyde and hydrogen, a secondary alcohol produces a ketone 
and hydrogen, while a tertiary alcohol yields an olefine and water. 

(iif) In Victor Meyer's method, the alcohols are converted into 
corresponding alkyl iodides and then into nitro-paraffins (by distilling 
with silver nitrite). These are distinguished by their behaviour 
towards nitrous acid. 
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Alcohols Nitro-paraffins Reaction with HNO. 
টি NO, 
RCL 
R.CH,.OH RCH.NO, SOR 
(Primary) (Primary) 2) 


Nitrolic acid 
With NaOH, it produces a dark-red salt. 


R, NO 
So 

R,.CHOHR, R,R.CHNO, REALS NO; 

(Secondary) (Secondary) Pseudo-nitrol 


It gives a blue solution in alcohol and ether. 


Ri RS 
RL SOR, R / (NOR, No reaction. 


© (Tertiary) + (Tertiary) 


(tv) Tertiary alcohols decompose to olefines when warmed with 


zinc chloride, Phosphorus pentoxide, etc. ‘They are, however, practically 
Inert towards sodium. 


Conversion of Primary into isomeric secondary and tertiary alcohols: 


H.SO, HI KOH 
CH,CH.CH.OH _>° CH,.CH=CH, —> CH,CHICH, —> CH,.CHOHCH, 
1-Propyl alcohol heat Propylene Sec. propyl alcoho! 


H.SO, HI KOH 
(CH.),.CH.CH,.OH _> (CH.).C=CH, —> (CH,),.CI —> (CH.),.COH 
Iso-butyl alcohol Isobutylene Tert. butyl alcohol 


Tests for methyl and ethyl alcohol.—(1) Ethyl but not methyl alcohol 
Tesponds to the iodoform test. (2) On warming with acidified dichromate, 
methyl alcohol gives formaldehyde and formic acid, while ethyl alcohol gives 
only acetaldehyde. (3) With salicylic acid and sulphuric acid, methyl alcohol 
Produces a distinct odour of ‘oil of winter-green’. (4) With an acetate and 
H,SO,, cthyl alcohol gives the fruity odour of ethyl acetate. 


CHLOE alcohols, C.H,0.—Two are known; n-propyl alcohol, 


20H (b.p. 97°), obtained from fusel oil by fractional 
bas little importance but isopropyl alcohol, (CH,),.CHOH 
(b.p. 82°), is an industrial solvent used in place of ethyl alcohol as it is 
duty-free. Both are employed as antifreeze in automobile radiators, 
and are poisonous. Isopropyl alcohol or ‘Petroho!’ is prepared from: 


0) acetone by reduction with sodium amalgam or catalytic 
hydrogenation under Pressure at 150-180°. 


CH,COCH, + 2H = CH,.CHOHCH.. 
Acetone Isopropyl! alcohol 
(4) propylene, a bye-product of petroleum cracking, by the action 
of 85%, sulphuric acid at 24-27°, followed by hydrolysis (cf., ethyl alcohol 
from ethylene, p. 59) and distillation. 
CH,.CH=CH, + H.SO, = CH,CH(HSO.)CH.. 


CH,CH(HSO,)CH, + H,0 = CH.CHOHCH, + H.SO.. 
Isopropyl hydrogen sulphate  TJsopropyl! alcohol 


distillation, 


ETE NA 
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Isopropyl alcohol is chiefly used in making acetone which is in 
great demand for explosives and plastics. It gives iodoform test 
(Pp- 98) and finds use in shaving lotions, nail polish, etc. 


Butyl alcohols, C,H,OH.—Of the four isomers, normal butanol, 
CH,CH.CH,CH,OH, (b.p. 117°) is an important solvent; it is formed 
in large quantities (about 60%) with acetone and ethanol during the 
fermentation of starchy materials such as rice, wheat, corn, etc. with 
C. acetobutylicum. These are separated “by fractional distillation. 
n-Butanol is also made by reducing crotonaldehyde, CH,CH: CHCHO, 
obtained from acetaldehyde (p. 182). Butanol and its acetate 
are solvents for quick-drying nitro-cellulose paints and lacquers. 
Butyl acetate is a fruit essence. Isobutyl alcohol, (CH,),.CH.CH.OH, 
(b.p. 108°) occurs in fuscel oil; it is made by Fischer-Tropsch process 
using nickel catalyst; it is a lacquer solvent, and also used in making 
synthetic musk. 

4CO + 8H. = (CH.).CH.CH.OH + 3H.0. 
Isobutyl alcohol 


Sec. butanol, CH,CH,CHOHCH,, (b.p. 99°) is made from 
n-butylenes of cracked petroleum by hydration with FLSO,. It is a 
solvent for lacquer, gums and shellac. Tert. butanol, (CH,),COH, 
(b.p. 88°) is obtained likewise from isobutylene; it has limited use 
as a solvent. Unlike its isomers, it is completely miscible with water. 
Methyl ethyl ketone (M.E.K.), a valuable solvent, is made from sec. 
butanol by dehydrogenation. 


Amyl alcohols, C,H,,OH.—Of the ecight isomers, two primary 
amyl alcohols, viz, isobutyl carbinol, CH,CH(CH,)CH,CH,OH (b.p. 
131°) and active amyl alcohol, CH,.CH,.CH(CH,)CH,.OH (b.p. 128°) 
occur in fuscel oil (p. 90) and are isolated therefrom for making amyl 
acetate, a solvent for nitro-cellulose lacquers. Normal and iso-pentane 
of casinghead gas are chlorinated in the dark at 200°, the resulting 
mono-chloropentanes are hydrolysed with aqueous NaOH in presence 
of sodium stearate to a mixture of amyl alcohols (pentasol) which are 
made into amyl acetate. 

During the last war Germany made alcohols and aldehydes by passing an 


arbon monoxide and hydrogen under pressure (150-300 atmos.) over 
Ee Raitt a coating of cobalt at 150-200° (0x0 process). 


CH=CH: + CO + 2H, = CH;CH.CH,OH. 
n-Propyl alcohol 


Many higher alcohols occur as esters in nature. Thus spermaceti Wax, 
from the head of sperm-whale, is an ester of cetyl alcohol, C.sH.OH (m.p. 49°) 
used in face creams. Chinese wax is an ester of ceryl alcohol, C..H;:OH ; while 
myricyl alcohol, C;,1H.sOH occurs in bees Wax. 


QUESTIONS 


1. Write the structural formule of the isomeric alcohols having the mole- 
ET) formula, C,H,,0. By what reactions can these compounds be distin- 
guished ?—B.Sc., London, 1928. 
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2. Starting with acetylene, outline a possible synthesis of (a) ethyl alcohol 
(b) tertiary butyl alcohol —B.Sc., Punjab, 1932. 

" 3. Write equations for reactions by Which primary, secondary and tertiary 
alcohols can be prepared. Describe one method, other than oxidation method, 
by which different types of alcohols can be distinguished.—B.Sc., Punjab, 1933. 

4. Give an account of the various processes concerned in the preparation 
of A from starch.—B.Sc., Punjab, 1933. 


+ ow is absolute alcohol prepared ?—B.Sc., Bombay University, 1933. 


6. What is the relation between alcohols and aldehydes? How would 
you obtain one class from the other? By what reactions can one distinguish 
between a primary, a secondary, and a tertiary alcohol ?— B.Sc. Pass. Dacca 
University, 1938. 


7. How is absolute ethyl alcohol prepared on a technical scale? Men- 
tion its uses. Starting with ethyl alcohol, indicate how the following substances 
are prepared: (a) diethyl ether, (b) ethyl acetate, (c) iodoform, and 
(d) ethylene.—B.Sc., Degree Exam., 1942, Annamalai Uni. j 

8. Describe the manufacture of ethyl alcohol. How is the constitution 
of this substance established ?— B.A. & B.Sc., Degree Exam., 1942, Andhra 
University. 

9. Describe the preparation and properties of methyl alcohol. How is it 
distinguished from ethyl alcohol ?—B.A. & B.Sc., Degree Exam., 1934, Andhra 
University. 


NET NE 


CHAPTER IX 
MECHANISM OF ORGANIC REACTIONS 


Our current ideas about atomic structure and the nature of 
chemical bonds enable us to have a clearer understanding of the course 
and rate of chemical reactions. We shall briefly discuss here how the 
electronic theory of valency explains fairly satisfactorily the mecha- 
nism (i.e., the route by which a reaction proceeds) of many organic 
reactions. ‘The vast majority of reactions of organic Toles 
‘consisting of atoms linked by covalent bonds, involve the rupture 
and re-formation of such bonds. A covalent bond in a neutral mole- 
cule A: B may break in two ways, viz., (i) by a symmetrical dissociation 
into neutral atoms or radicals, each retaining one of the clectrons otf 
the original shared duplet, e.g., 

A:B— A‘+B: 
or (a) by an unsymmetrical dissociation into ions involving the 
transfer of a duplet as a whole to one or other of the atoms which were 
bound by the duplet, e.g., 

A: B — A+ + B- 

The first type of bond fission is called homolytic; fragments 
A* and B: are atoms or free radicals. Mechanisms in which bonds 
break by this process are, therefore, known as free radical mechanisms. 
Reactions in the gas phase and those catalysed by free radicals are 
generally explained by this mechanism. 


Free radical mechanism.—It has been shown that during thermal 
or photo-chemical decomposition of some organic compounds in the 
vapour phase, electrically neutral fragments—atoms or radicals—are 
formed but no charged ions. Due to the presence of unpaired electron 
in them they are highly reactive, so much so that they exist only 
transitorily in chain reactions. ‘Two such atoms or free radicals unite, 
‘on collision, to form a molecule. Some examples are given below. 

0 Pyrolysis of hydrocarbons.—Ethane, CH, —-CH,, decomposes at 
high temperature by homolytic fission into two free methyl radicals, 
2CH," which react in either of the following ways: 

(a) Abstract hydrogen from a molecule of ethane: 

CH; + CH,—CH, —> ‘CH, + CH,-CH. 
b) Reunite to form back ethane in presence of a third molecule 
wall of the containing vessel, for example) which absorbs the energy 


্‌ set free: 
thus 2CH,; —> CH,—CH, 


(c) Form ethylene by disproportionation: 
CH,—CH:' + CH;-—CH:" —> CH,—CH; + CH=CH, . 


The overall picture of the chain reaction may be depicted as 


Heat 
D (1) CH —CH, —> 2CH; 


100 ORGANIC CHEMISTRY 


2) CH, + CH,—CH, —> CH, + CH,—CH. 
(3) CH—CH, _> CH=CH, + H- 
(4) H+ CH,—CH, —> CH,—CH,- + H, 


(ti) Catalytic reduction.—During catalytic hydrogenation in pre- 
sence of finely divided nickel, platinum or Palladium, molecules are 


believed to be adsorbed on the surface and dissociate into atoms or 
free radicals. They may have an unshared electron or there may be 
two unshared electrons due to a rupture of th 


€ double bond giving rise 
to diradicals. The catalytic reduction of ethylene with hydrogen may 
be represented as 


H—H > 2H: 
CH.=CH, <> H.C—CH, 


STE, iio 
CH: CH: 2 CH CH. 5 CH, OH, 


Atoms of hydrogen and free ethylene dir 
Weak pairing of their unshared electrons wi 
metal surface, a monomolecular lay 


duced by a collision between a hydr 


adicals are stabilised by 
th the electrons of the 
er is thus formed. Ethane is pro- 
Ogen atom and a diradical. 
(in) Thermal or photo-chemical halogenation. 
ture or at ordinary temperature in presence o f 
bromine reacts with a paraffin, replacing a hydrogen in the form ft 
48). Here heat or light dissociates a halogen molecule 


Cainst hydrocarbon molecules Poe 
hydrocarbon radicals and hydrogen halide. The free radicals in thei 


tun then collide with halogen molecules forming alkyl halide and 
more halogen atoms. 


2 0 e 
And the chain reaction continues following th 
same pattern. Methane and chlorine react as 


—At high tempera 
f light, chlorine or 


CCl _> 201- 


Cl. + CH, —_> Hol CH; 
CH, 

(7) Catalytic Polymerisation.—Th 2 has 
two unpaired electrons is beli o PJ8en molecule which 
free radical. Duri 


£ One clectron, the ther 
Se i electron on the o 
carbon atom remaining free. Tis Ge radical’ now combines 
with another molecule of the Unsaturated compound in a similar 
Tanner, leaving a free electron on the ৰ 

bond. This chain Teactio 


TR 0 Other carbon of the double 
SE on j 
the combination of two until th 


ইঃ hain is broken by 
Y free radical CLA ne 
ECE in Ee SCncCiof Oxygen bs suppored Ln of 2% A 


:—CH,—CH,—-CH 
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Reactions following free radical mechanism may be induced 
by introducing small amounts of known free radicals, and arrested 
either by fairly stable free radicals or substances that combine with 
free radicals to form stable ones. 

Ionic mechanism.—The second type of bond fission (p. 99) is 
known as ionic or heterolytic ; it occurs due to the partial ionic nature 
of the covalent bond. In case the two atoms forming a covalent bond 
are identical, as in the hydrogen molecule, no net separation of charge 
within the molecule is possible inasmuch as the polarity of the one 
balances that of the other. If they have different affinities for electrons, 
one has a tendency to accept, and the other to donate, an electron. 
In such cases, heterolytic fission may occur and the fragments would 
be either A+ and :B° or :A™ and Bt 1i.e., two ions, were such 
existence possible. Mechanisms involving such bond fission during 
reaction are called ionic or polar mechanisms, by which most organic 
reactions are believed to occur. Reactions in liquid phase wherein polar 
molecules or ions take part, are evidently polar reactions. A positive 
group containing a carbon atom that has a pair of electrons less in its 
valence shell as a result of heterolytic fission, is called carbonium ion 
while a negative group with a carbon atom that has an unshared pair of 
electrons, also a product of ionic fission, is known as carbanion. 

In hydrogen chloride, chlorine has a greater affinity for electrons 
than hydrogen ; hence the electron pair of the covalent bond between 
them are displaced permanently towards chlorine appreciably. As a 
result, chlorine acquires a small negative charge and hydrogen a small 
positive charge. Of the three possible structures for hydrogen chloride, 


H:Cl tH ICIS FHC: 
I I HI 


IT is, therefore, a closer approximation. Alkyl halides such as ethyl 
iodide, C,H,L undergo double decomposition more or less like 
inorganic salts (pp. 78-75), the iodine being displaced as negative 
iodide ion, e.g, kb 
C,H.I+ OH" —> C:H:—OH +I 

Between the truly covalent bond as in A—B when A and B are 
identical (for example, the bond in the hydrogen molecule, which 
is 100% covalent) and the truly ionic bond When A and B are 
radically different (as in potassium chloride, which is 100% ionic), 
there are numerous intermediate cases of Partially ionic and 
PE covalent types, depending on the relative electronegativities 
of A and B (electronegativity 1s the tendency of an atom to attract 
clectrons to itself when it is present as a part of an electron pair 
bond). Different atoms and radicals have different Powers to attract 
clectrons; for example, this power increases in the order: 
eT CH, FL —CH;, 7 OCH, L Br, Cl, FE, —NO,. The displaced 
electrons, however, remain in the same valency shells. The displace- 
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ment of electrons in methyl chloride, CH,CI, 


which is similar to 
hydrogen chloride, may be indicated as 


{ 
4 EE 2 
HG; : Cl AOL EL or H,C—Cl 
H H |] 


the arrowhead which sh 
a dative bond (p. 37), 
chlorine atom from ac 


ould not be confused with that indicating 
shows the shifting of electrons towards the 
ondition of equal sharing. If this chlorine 
OCCUIS at the end of a carbon chain, its effect may be propagated 
to a distant atom in the chain ; the intensity, however, diminishes rapidly 
as the distance increases. This is known as inductive effect. ‘The 
Chloro-acetic acids may be taken for illustration. When chlorine 
replaces a hydrogen of the methyl group in acetic acid, CH,COOH, 
1C ionisation constant (or strength) of the monochloro-acetic 
acid formed increases considerably. The ionisation or dissociation 
constants, Ka, for di- and tri-chloroacetic acids 


are increasingly 
greater: 
A Ka 
Acetic acid, CH,COOH 1°86 X 1075 
Monochloro-acetic acid, CH,CICOOH 155X107 
Dichloro-acetic acid, CHCLCOOH 514x 107: 
Trichloro-acetic acid, CCIL.COOH 121X107: 
This i 


increase in dissociation constant m 

by the inductive effect of electronegative chlorine. Chlorine in 
UE acid attracts clectrons from the carbon atom to which 
containing rE EES EE ‘This renders the other carbon atom 
electrons away RT Sroup more positive; this in turn attracts 
more positive than :, YS of the OH Sroup;, which thus becomes 


PE I সী 
the ionisable (ie. attracts electrons fro 


ay be satisfactorily explained 


» acidic) hy, 


{: 0 escape as proton. The 
1 LE Et Soup being now more Positive, has less tendency 
i5500iad i  MPIOLON SEE free. ‘The result is a greater 
dissociation of Mono-chloro acetic acid 
HAO lJ 
CI ¢ C jt ’ 
] 
DED ES CCE CO + H+ 
দ্‌ 0 


and the third hydrogen atom of 
by chlorine. Such displacement of 
When ethylene, CH,=CH ঠ Eo 

re 72 to give ethyl chloride, 
CH,CH,C], it acquires a pol e on the aL the HCI 
molecule by a temporary but complete shift Of clectrons from one 
carbon atom to another, ‘The acti 


On 1s almost instantaneous and, on 
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removing the attacking agent (HCL in this case) the charged molecule 
(here ethylene) reverts to its original state. 
ISU LH ELH 
3 SS SEALE ] | 
H:C::C:H—> H:C:C:H or H—-C—C—H 
= > EE 
‘The hydrogen of HOC] adds to the carbon having the displaced 
electron pair as hydrogen ion, and the negative chloride ion goes to 


the other carbon atom: 


HH 
H:C:C:H —> H:C:C:H Gl, —-- HR G:C: He 
TF H CIH 


‘This shifting of electrons from one carbon to another on the 
approach of a reagent 1s called electromeric effect which is time-vari- 
able, i.e. not permanent, and is usually represented by a curved arrow. 
Jt is characteristic of addition reactions of unsaturated compounds. 
In the above case, the hydrogen ion which attracts electrons, is called 
electrophilic (electron loving); a point of low electron density in a 
molecule bas affinity for electrons and is, therefore, electrophilic. 
Conversely, a point of high electron density in a molecule is known 
as nucleophilic (nucleus loving). In the above reaction, ethylene is 
nucleophilic as it attracts hydrogen ion which is deficient in electron. 
Many organic reactions take place on bringing together the electro- 

hilic centre of one molecule and the nucleophilic centre of another 
The following examples of ionic mechanism are typical: 


0) Hydrolysis of alkyl halides—On refluxing alkyl halides with 
KOH, corresponding alcohols are formed by hydrolysis (p. 74). 


R—CI+ KOH —> R—OH + KCI 


On the approach of the OH ion towards the carbon to which 
the halogen is attached, further shifting of electrons from this carbon 
atom towards chlorine occurs. This results in the partial formation 
of a new bond with the simultaneous weakening of the carbon-balogen 
bond. The nucleophilic OH” ion then attaches itself to the carbon 
having low electron density in this activated complex, SE FRE 
halogen is climinated as a halide ion. The result is the formation of 


aqueous 


alcohol. 
3 + 
OH + EE —> HoO...... Ee —> ET 
Cr 
CH, CH, CH, 
Ethyl chloride Activated complex Ethyl alcohol 


(a) Removal of halogen acid from an alkyl halide.— Alcoholic KOH 
removes a molecule of halogen hydracid from an alkyl halide and 
an olefine is thus formed (p. 74). Here the OH ion extracts a proton 
from the B-carbon atom and simultaneously the halide ion is eliminated 
with the formation of a double bond between the two carbon atoms 
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by the pair of electrons released by the proton. 


The reaction is thus 
bimolecular. 


RR: 


I 
HO. EEE HOH + R.C=CR, + CI 
R R 


In the second mechanism which is unimolecular, ionisation of the 


halogen occurs first, the carbonium ion then combines with the OH 
ion to form an olefine and water: 


টড 
HCR,—CR,CI <> [HCR,—CR.] + CY 


+ 
HO" + [H : CR:—CR,] <> HOH + R.C=CR, 


(ti) Addition of hydrogen cyanide to a ketone, R,CO.—Ketones, 


OH 
R.CO.R, react with HCN to form an additive product, RCC 


In the ketone molecule, 
atom and an electrophili 
During reaction with HCN, the nucleophilic cyanide ion which is the 
reactant here, attacks the carbonyl carbon: 


CN 
there is a nucleophilic centre on the oxygen 


EO = slow O- 
RICO + ON Sy RCC 
Re fast OH 
RICCO HE ES RIG 
Non NON 


Ketones are electrophilic reagents while 
That it is the CN” ion which is added 
directly, follows from the fact that the 
clerated by alkali or salts of weak 
affected by neutral salts. 


velocity of 


acids 
Dut retarde 


J of halogen to olefines—Ethylene adds up bromine 
to give ethylene dibromide (cf. Ee (ii) p. 5) 
j CH.-CH, + Br, _>. CH.Br—CH,Br 
The ionic character Of the reaction is evident from () 
does not take Place in Las 
combine only at the pol 
about thirty times fas 


compound such as s 
Wax. 


the addition 
Phase, (ii) bromine vapour and ethylene gas 
Ar surface of the reaction vessel ; the reaction is 
ler when this surface is coated with a polar 
TN AS stearic acid than with a coating of non-polar paraffin 
En Ue enc takes place stepwise inasmuch as when ‘ethylene 

‘IM a neutral solution of NaCl, ethylene dibromide 


] L fl CH,Br, are obtained and no trace 
NaC] ~ Si dichloride, CICH, _ CHCl Evidently the chloride ion from 


C centre on the carbonyl carbon: R,Ct+O-. 
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which then further reacts either with bromine or chlorine to give the 
two end products: Er 


slow + Eo 
Br—Br t+ H.C=CH, —> EA + Br 
Br 
+ —  Tapid 
H.C—CH, de Bs => FLC—OH 
Br Br 


Br 


Ee 

In the second step, BrCH,- CH, combines with Cl" ion from 
NaCl solution to yield BrCH,—CH,Cl In the first step, electrophilic 
Br reacts with nucleophilic carbon of ethylene, the latter cannot react 
with negative CF ion which is also nucleophilic. That is why no 
ethylene dichloride is formed. The initial attack on ethylene is by a 
bromine atom which acts like a positive lon, and the second bromine 
atom which acts like a negative ion, Is not covalently linked to the 

in the first step. 


other carbon atom 1 
Classification of reagents.— Ve have discussed two mechanisms otf 
‘ electron release and appropriation [by ee COD ELON OF groups, viz., 
inductive and electromeric. It is convenient to have a classification for 
the electrophilic and nucleophilic (t.e, ASE and electron- 
repelling) substituents relative to hy IE Se is the accepted 
standard of reference. PEC EDC cophilic properties of 
groups in an organic compound create Re centres of low and high 
clectron density in the molecule to LE ন ন reagents of 
opposite affinities. RR oT as affinity for electrons, and a 
re. ie affinit Or po> লক ভি 
rnen HL GATE nucleophilic (an I oid) EE add up 
to a carbonyl group, > 0. Each ন ন ডট owever, to be 
considered relative to circumstances Preval 178 fF ESE RECA 
de of the two classes of reagents as follows: 


classification may be me! TEA 
[4 TO’ 
Nucleophilic iy “ Ee i 
Ee All positive ions 
All negative ions airs Incomplete electron shells 
Unshared electron P Carbonyl groups, >CO 


jl Je bonds 
ৰ RL aE other compounds Halogen and hydrogen halides 
CNZene 4 


DE বর NH, H.SO, and other strong acids 


HON, HC=C, + t 
NO:, NR. 
Tat it is Not necessary to postulate th 
oted here bl H i - I 
ু It should be dials or ions as intermediate steps in the two 
ormation of free ed above, nor it is necessary that such free radicals 
1 The transition from one covalently 


mechanisms consider dependently. 
or ions should exist In occur continuously without a free radical 


a 
bound state to another may 


time. 
or a free ion being formed at 
8 I mber that the same two reagents, reacting 
t is impor 


under slightly differen jrions, may give two different end products ; 
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the mechanism of reaction in the two cases should, th 
For example, addition of HBr to propylene, CH,—C 
reagents and in absence of air,is a 

a proton; the negative bromine at 
atom and gives CH,—CHBr—CH 
(P- 62). In presence of air Or peroxides, 
a much faster rate to form CH,-CH.-C. 
This is a self-propagati 
mechanism, which involves atomic bromine set free from HBr by a free 
radical produced by the homolytic fission of the Peroxide (p. 62). ‘The 
free bromine atom functions as an electrophilic Teagent, attaching itself 
to the end carbon atom of higher electron density. 

Mance.—lIt is expected that the valence bond 
should adequately express its properties. In 
ingle structure fails to do that. For example, 


erefore, be different. 
H,=CH,, with pure 


Mesomerism or reso 
Structure of a molecule 
Many cases, however, as 

€ Nitrate ion, NO.~ i; 


3» 1S usually written as 


I 


© apparently similar. But the bond between N and O(8) is a 
double bond, formed by two electrons from each atom. 
three OXygen atoms in the nitrate ion have been shown to be equivalent, 
all the trogen-oxygen bonds should be identical 
type. The above 


» t.e., of the same: 
Structure does not indicate this. Two other possible: 
Structures for the Nitrate ion are 


[ sos 5 4 :0:3 = 
101: 012 F- 1:0:N::0:2 


Which are equiv, 


t St electronic structure, all containing the: 
same number Of unpaired elect s 
a structure, ডু 


resonance theory, 
a hybrid, repre- 
sents the true state of the nit, these three, a sort of a ybrid, rep 


trate ion ; neither of them can do that 
singly. It is not LCR represen this intermediate state truly 
on the paper. In the three ‘tructures noted above a double bond occurs 
between the nitrogen Atom ang one Of the oxygen atoms in each case. 
Since all Titrogen-oxygen bonas 1° equivalent, none of these is a double 
bond, None 1s a single also. Tac is, therefore, a hybrid type of bond, 
termediate between a Single and a double bond; or one might say, 
cach has a one-third double bong character. Resonance lowers the 
Clergy content of a molecule (or an ion তই £1 radical) and makes it 
wore stable than it would be Otherwise, " Tn Tesonance all the contri- 
Ame number of unpaired electrons, 
r s CTONS. in them should not be ver 
much different, and tence between these structures is Le 


hh 
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difference in the positions of the electrons. Measurement of bond 
length values by X-ray diffraction in resonance hybrids supports the 
theory of resonance. For example, the carbon to oxygen distance in 
a carboxylate ion which has a hybrid structure, 


0) o- 
= EL 
R CCE RCC 


is the same for both the oxygen atoms, being 127A. This is inter- 
mediate between the interatomic distances for a double bond (121A) 
and a single bond (142A) between carbon and oxygen. In other words, 
neither of the carbon-oxygen bonds in itis a single bond or a double 
bond. It may be noted that resonance is possible only if the atoms 
involved are coplanar or nearly so. We shall come. across many such 
cases of resonance structure amongst organic compounds. Whenever 
the actual normal state of a molecule cannot be adequately represented 
by any of the possible alternate structures which differ only in the 
positions of their valency electrons, the number of unpaired electrons 
remaining constant, the ‘molecule is said to be resonating between 
these valence bond structures. Such a molecule is said to have a meso- 
meric (i.e., “between the parts” or intermediate) structure. The theory 
of resonance has proved very useful in elucidating the mechanism of 
many organic reactions and also for explaining the behaviour of 


numerous organic compounds. 


CHAPTER X 
THE POLYHYDRIC ALCOHOLS 


Of the compounds with more than‘one alcoholic hydroxyl group, 
the dihydric alcohol, glycol and the trihydric alcohol, glycerol are 


commercially important. “Carbohydrates (Chapter XXVII) contain many 
such hydroxyl groups. 


Dihydric alcohols, C,H ,(OH)..—The simplest member, methy- 
lene alcohol, CH,(OH),, is unknown ; two hydroxyl groups attached 
to the same carbon atom make the compound unstable and water is 
eliminated (p. 88). The next, ethylene glycol, CH.(OH)CH,(OH), is 
representative of the series. Glycol means ethylene glycol, and the 
term glycols stands for the series 

Glycol, CH,.OH—CH,OH, is obtained in the laboratory by boil- 


ing under reflux ethylene dibromide with a dilute solution of potassium 
carbonate. 


BrH.C—CH.Br + K.CO, + H.O0 = HOH.C—CH.OH + 2K Br + CO.. 
Ethylene dibromide Glycol 


The aqueous solution is evaporated on water 
extracted with ether-alcohol mixture from the semi-solid residue. By 
distilling off the solvents, glycol (b.p. 197°) is obtained. The reaction 
Proceeds slowly, and the yield is poor due to side-reactions. A better 
method is to use potassium acetate and hydrolyse the product with 
dilute caustic soda. Wurtz first obtained glycol in 1856 from silver 
Acetate and ethylene iodide. 

CH.|Br + KIOOCCH,  CH.OOCCH, 


=: আলো = | + 2KBr. 
CH.|Br_ + K|OOCCH, CH.OOCCH, 


Pot. acetate Glycol diacetate 


TFOOCCH,- 4+ NaloH CH,.OH 


-bath and glycol 


ODE = | 
CHAOOCCH, + NaloH  CH.OH + 2CH,COONa. 
Glycol Sodium acetate 
(2) Glycol is 


ৰ manufactured from ethylene (obtained from cracked 
oil, coke-oven gas, or by catalytic dehydration of ethyl alcohol) and 


hypochlorous acid (e.g., fr chi 
Ethylene chlorhydrin form HES SURE 


J ( a) p EIR দ 
sodium bicarbonate solution. SENT Owing 
ETOH, + HOC! = CIH.C—CH,OH. 

Y‘ene Ethylene chlorhydrin 
CIH.C—CH,OH + NaHCo, = 


HOH:C—CH.OH + NaCl + CO.. 
Glycol 


(8) In a recent process formaldehyde 
are heated at 200° under 700 al r 
is esterified with methanol and 


steam and carbon monoxide 
heres to get glycollic acid; this 
ter finally reduced to glycol with 


tmosp 
the es 
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H, at 200° under 80 atmospheres in presence of chromite catalyst. 
The yield is quite high. 

HCHO + H.0 + CO —> CH.OH.COOH —> CH.OH.COOCH, 

Formaldehyde Glycollic acid Methyl glycollate 
_> CH.OH.CH.OH 

Glycol 

(4) More cheaply, ethylene oxide (made from cthylene and air) is 

hydrolysed to glycol (p. 110). 


(5) Glycol results on passing ethylene into a dilute, alkaline solu- 
tion of potassium permanganate in the cold (p. 59). But this is only 
of academic interest. 


Properties and uses.—Glycol is a sweet (but toxic), syrupy liquid, 
extremely hygroscopic and without odour. It is heavier than ethyl 
alcohol (Sp. gr. 1127 at 15°) and has also a higher boiling point (197°). 
It is miscible with water or alcohol in all proportions but insoluble 
in ether. Glycol melts at —11°5°; it is, therefore, largely used as an 
anti-freeze in motor car radiators in cold countries. A 60% aqueous 
solution freezes at —49°. Glycol is also a solvent and a Preservative. 
Tits dinitro derivative is an explosive used with trinitroglycerine. In 
commerce, glycol is employed as a substitute for glycerine but not in 
pharmaceutical preparations as it is oxidised to poisonous oxalic acid, 
HOOC-COOH. For its high b.p., it is used for cooling airplane engines 
instead of water ; it aids penetration of dyes, and facilitates wool spinning 
as a lubricant. Monoethyl ether of ethylene glycol, CH,OH.CH,OC,H,, 
or cellosolve is a solvent for cellulose nitrate. Certain alkyd resins 
(esters of glycol and dibasic acids) are made from glycol. In chemical 

erties glycol resembles alcohol ; as it contains two primary alcoholic 
beck the alcoholic characteristics are more intense. By catalytic 
BICUE sation, glycol forms water-soluble, greasy solids used as 
Es ail ointment bases. Dacron (or Terylene), a synthetic fibre, 
ত from glycol terephthalate. ) 

Reactions.—(1) Sodium (or. potassium) replaces the hydrogen of 
he -OH group one by one. Sodium glycolate forms at low temperature 
ৰ AEE disodium derivative at about 160°. Both are readily decomposed 
an 
by water to glycol. চা 


HOH.C—CH.ONa —> NaOCH,.—CH.ONa 


HOH.C—CH.OH Sodium glycolate Disodium glycolate 


Glycol 
(2) Like ethyl alcohol, glycols give chloro-paraffins with phosphorus 
tri- or pentachloride. 


2PCl, = CIH,C—CH.Cl + 2POCI, + 2HC. 
HOH,C—CH.OH + “ Ethylene dichloride 4 


3) With acids, esters result (cf. alcobol, p. 92). Glycol dioleate 
d dipalmitate are used as dry-cleaning soaps. 
and CIP CH.OH + HCL= CIH.C—CH,OH + HO (at 160°). 
HOHF.C a Ethylene chlorhydrin or chloroethyl alcohol 


পা HCl = CIH.C—CH.Cl + H.O (at 200°). 
HOC CO Ethylene chloride 
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HOH,.C—CH.OH + 2CH,.COOH <=> H:CCOOCH.CH.0.0CCH;, + 2H,0 
bi Acetic acid Glycol diacetate 


(4) By suitable oxidising agents, one or both the -OH groups are 
converted into aldehyde and then into acidic groups (Pp. 935). 


[9) [0) [9) 
HOH:C—CH.OH —> OHC—CH.OH —> OHC— CHO —> HOOC—COOH 
Glycol Glycollic aldehyde Glyoxal Oxalic acid 


[9) (0) [9) 
HOOC—CH.OH —> HOOC CHO —>HOOC—CcOOH 
Glycollic acid Glyoxalic acid Oxalic acid 


(5) Lead, tetra-acetate, Pb(OOCCH,),, or potassium periodate, 


KIO,, breaks the C—C linkage of glycol and formaldehyde, HCHO, 
results. 


[9) 
HOH.C—CH.OH —> HCHO + HCHO 


(6) With dehydrating agents such as sulphuric acid or zinc chloride, 
We get acetaldehyde, CH,.CHO, on heating, but no ethylene oxide. 
HOCH.—CH,.OH —> CH.=CH.OH —> CH,CHO 


Three derivatives of glycol are important viz, ethylene oxide, 
glyoxal and dioxan. 


CH, 

Ethylene oxide, | 0, is obtained when ethylene chlorhydrin 
CH, 

2) is distilled with concentrated caustic soda solution. Heated to 


’', ethylene glycol loses water and forms ethylene oxide. Itis a gas 
Which condenses to a Pleasant-smelling liquid (b.p. 18°5°). 

CH,O|H CHS - 

| HE INaOH =. Al O + Nacl + H.0. 

CH, cl CH, 

Ethylene chlorhydrin Ethylene oxide 


It is also : 
- made b 5 ga 
Over silver cat Y Passing ethylene and air under high pressure 


TeACHORS UM alyst at about 800°. Water and CO, result due to side- 


[0) 
AAS 
: CH.=CH,.+0 _> HL6—CH, 
It is soluble in w 


ECE ILL RG alcohol and ether. Ethylene oxide is isomeric 
its much EE i aCHO, from which it may be distinguished by 
6 EY MTEL eac EMAL DASCHLE hydrogen, water, 


Ethanolamine 


HCl, ammonia, etc, under suitable conditions: 
(So + 28= LOR CH, H CH.OH 
CH, IC i220 Es MEY 
ats 8 Glycol 
Tso 0 EEE CH, H CH.NH, 
CH, GL or CI | >0 CU ES 1 
Ethylene chlorhyarin CH NH, CH.OH 


TEA 


LE N00 
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In these additive reactions, it behaves as an unsaturated compound, 
CH,=CHOH, but since ethylene Oxide gives cthylene dichloride, 
CH,Cl—- CHCl, with PCl,, the cyclic structure has been accepted. 
With ammonia, di- and tri-ethanolamines, NH(CH,.CH,OH). and 
N(CH,CH,OH);, are also formed. With fatty acids, these form practi- 
cally neutral soaps many of which, being soluble in both oil and water, 
are employed in dry-cleaning and ‘cleansing creams’. Ethylene oxide 
is dehydrated glycol, elements of water having been removed from two 
OH groups of the same molecule. Such compounds are called ‘nner 
ethers, Mixed with 10% CO;, ethylene oxide is a fumigant for 
tobacco, cereals, etc. under the trade-name T-gas or Etox. CO, makes 
the vapours non-inflammable and non-explosive ; ethylene oxide is 
non-toxic to man. It produces organdie effect on cotton, and is largely 
converted into glycol by hydrolysis. U.S.A. made 1060 million 1b. of 
ethylene oxide in 1957. . 

Glyoxal, OHC-CHO, a dialdehyde, is produced by oxidising glycol 
with nitric acid under suitable conditions, or ethylene with selenium 

: ! ¥Y 
oxide, SeO,. On distilling the reaction mixture, Slyoxal goes off as 
a yellowish green gas which condenses to a yellow liquid (b.-p. 51°). It 
is unstable and readily polymerises. Glyoxal is the simplest coloured 
Ff carbon, hydrogen and oxygen. It may also be obtained 
mpound of carbon, 1 hs : 
comp coful oxidation of acetaldehyde, CH,CHO, with nitric acid. 
by ৰ an hily soluble in water but readily soluble in alcohol or 
A i s glycollic acid by Cannizzaro reaction (p. 180). 
ether. CH, CH, ; 
DEE diethylene dioxide, EE Lea 20, is obtained by 
r hosphoric acid ; it is an 
Y + 40! aqueous H,SO, or phospho 3 At] 
distilling glycol bE cee acetate, resins, BY Se a 
industrial solvent 10 but toxic liqul b.p. 1 )2 ), mis €! 
T  Dioxan (m.p. 1°), is a solvent for the 
= 0 A 
J. wits. by cryoscop!c a EE a 
determination of re (bp. 87°) With water. It is iso y 
an azeotropic mIXtuIC tr ) 
STALE and fairly tox Jar formula of glycol is CH,O.. 
{ jycol-—The molecu ¢!  hosphorus pentachloride 
Sodio Ce on fo hydrogen Ato ice, Ir has two —OH groups 
Odi laces tWO . . Hence, ঠ 
Rives eth LCBE dichlorid® c*qibromide shows that 5) OE 
| | 5 
ts formation from oT IDC crefore, OF — CH,OH, whic P 


directly linked. Glyco oxidation products. 


্‌ ions, €@E&£: 
Ported by its Le 4 2KOH = HORE + 2KBr. 
BrH.C C dibromide 2HCI 
Ethylene C-CH,Cl + 2POCI, + 2HCI. 


= CIH:' 3 
HOH,C-CH.OH + 2PCl: 7 Eipyjene dichloride 
Glycol 0) \ 
> .C-COOH 
9 HOCH:-CH:OH SEE acid 
GHC Glycol 
Glyoxa 
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If glycol was CH, — CH(OH),, on oxidation it would yield acetic 
acid, CH,COOH. ্‌ 
Diethylene glycol, made by heating glycol with ethylene Oxide, is a lubri- 
cant in wool spinning and a solvent for dyes ; it is added to the size for textiles 
to prevent drying. 
H.C—CH, + HOCH.—CH.OH = HOCH.CH.OCH.CH.OH. 
ES Glycol Diethylene glycol 
[9) 


Trihydric alcohols. —Of these, by far the most important is 
glycerol or glycerine, CH,OH.CHOH.CH,OH, first obtained in 1779 
by the Swedish apothecary, Scheele by heating olive oil with litharge. 
In 1811, Chevreul (1786-1889) showed it to be a common constituent 
of all animal and vegetable oils and fats, €.£., cocoanut oil, olive oil, 
palm oil, tallow, lard, cod-liver oil, etc. and named it glycerol. Natural 
fats and oils are esters of glycerol with acids such as palmitic acid, 
C,H, COOH, stearic acid, C,,H,,COOH, oleic acid, C,H,,COOH, 


etc. These are, therefore, called glycerides. Chemically, the formation 
of an oil may be represented as 


MEE HOOC.R TELLS 
CHOH + HOOC.R {=> CHO.OC.R + 3H,0 


| || 
CH.OH HOOC.R CH.0.0C.R 
Glycerol Acid Glyceride (oil) 


Three mols. of fatty ‘acids, same or different, may esterify a 
glycerine molecule, giving a simple or mixed glyceride respectively. 
Natural fats and oils seldom consist of a pure tri-glyceride. Oils and 
fats, on hydrolysis, give back fatty acids (mostly insoluble in water) 
and glycerol (miscible with water in all Proportions). ‘This may be 
effected with hot caustic alkalis, alkali salts of fatty acids are thus 


Obtained. Sodium or Potassium salts of fatty acids are the soaps of 
our daily use; this 


5 method of hydrolysis, better known as saponi- 
fication (Latin sapo, soap), is the common way of making soap. As 
early as 1816 Chevreul established clearly how soap is formed. 


Fat or oil + NaOH = Sodium salts of fatty acids + C,.H.(OH).. 
(soap) Glycerol 
Soap is slightly soluble in Water, and is precipitated by adding 
common salt in excess. The liquor that is left behind is known as 
spent lye which contains 5-8% of glycerol. 

+ Manufacture of glycerol —(i) From soap lyes: Besides much 
Water and some glycerol, the spent lye contains sodium chloride, 
free alkali, fatty and Protein matters. ‘To the lye acidified with HCl, 
aluminium sulphate is added. The fatty acids and soap in solution are 
Precipitated as aluminium Soap. These are filtered off. The filtrate, 
made slightly alkaline, is concentrated when common salt partially 
separates. As impure glycerine decomposes below its boiling point, 
evaporation is carried out under low Pressure with two or more evapora- 
tors in series to economise heat; the salt is removed without stopping 
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evaporation. The evaporation is continued until the concentration of’ 
glycerol reaches about S0% (and that of common salt 10%). The liquid. 
is decolorised with activated charcoal. Crude glycerine is purified by 
distilling under reduced pressure in a current of super-heated steam. 
The distillate is dehydrated by concentrating in vacuum pans as before. 
The straw-coloured glycerine thus obtained (998—99-9%) is good 
enough for dynamite. Colourless glycerine for scientific and medicinal 
purposes is obtained by treating it with bone charcoal, filtering and 
re-distilling the filtrate. Ionic impurities like NaCl, etc. are removed 
from soap lye by passing it through cation-anion exchangers (synthetic 
resin beds). . Vacuum evaporation of the de-ionised product yields 
95-99% glycerine. | 


(ti) From ‘sweet water’: Mixed with Paraffin wax, fatty acids 
(mainly stearic acid) make candles. Solid fats.are, for this purpose, 
hydrolysed with dilute sulphuric acid under Pressure. Solid fatty acids 
are removed ; the mother-liquor, called sweet water, is neutralised and 
glycerine obtained therefrom ‘as above. 


(tli) From sugars by fermentation: Alcoholic fermentation yields 
about 8% glycerol (p. 89). During the war of 1914-18 Germany got 
no oil-seeds from outside ; she made glycerine from sugars by fermenta- 
tion with yeast. Neuberg (1912) showed that in presence of sodium 
sulphite, the yield of glycerine rose up to 25%; the yield of alcohol 
fell considerably, some acetaldehyde being produced.” Germany thus 
made 1,000 tons of glycerine per month for explosives. A 86% yield 
of glycerol has been reported with sulphite and sugar in the ratio 2:1. 
Sodium carbonate also increases the yield of glycerol but it cannot 
suppress undesirable bacteria like the sulphite. ] 


Glycerine in India: Soap factories around Calcutta mostly throw away 
the spent lye. As glycerine is largely used for explosives, its peace-time demand 
is low. It is uneconomic for small factories to start a Tecovery plant. Roughly 
speaking, for 110 parts of Soap we get 10 parts of glycerine.” India can make 
it from molasses by fermentation ; 10 tons of molasses would yield about one 
ton of glycerine. But unless Some new uses of glycerine be found, e.g., manu- 
facture of plastics from glycerine and Phthalic acid (glyptal), the prospect is 
not very bright. India made 3936 tons of it in 1958. , 

Properties.—Pure glycerine is a colourless, odourless, syrupy liquid, 
heavier than water (sp. gr. 1265). It is miscible with water or alcohol 
in all proportions, but insoluble in ether or chloroform. It is very 
hygroscopic. Pure glycerine distils unchanged at 290° but decomposes 
when distilled with water or salts. It is less sweet than glycol. Glycerol 
crystallises slowly on cooling (m.p. 17°). Its use in medicine is due 
to its antiseptic properties, and in cosmetics, to its softening action 
on the skin. 

Reactions, —(1) As a trihydric alcohol, glycerine combines with 1, 
2 or 8 molecules of monobasic acids giving mono-, di- and tri-esters 
respectively. Esters of higher fatty acids are oils and fats (Pp. 119). 
With sulphuric, nitric or hydrochloric acid, Corresponding esters are 
formed. By far the most notable is glycerine trinitrate (wrongly but 
commonly called trinitroglycerine), a violent explosive. With HC] gas 


8 
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under suitable conditions, mono- 


and di-esters are formed; but the 


trichloride is only obtained with phosphorus pentachloride.. 


CH,OH CHCl 
|| HCL | HCI 
CHOH _—> le —> 
|| 
CH,OH CH.OH 
Glycerine Glycerine 


a-monochlorhydrin 


CH,Cl CH.CIl 

| PCI, | 
CHOH —> TE 
CH.CIl CH,Ct, 
Glycerine Glycerine 


aa‘-dichlorhydrin trichloride 


(2) When glycerol is heated with dehydrating agents e.g., KHSO,, 
PO, etc., acrolein is formed. This serves as a test for glycerine 
Liecause acrolein has a characteristic, pungent odour. 


et 
MEE = 
CH,OH 
Glycerine 
(8) Oxidising agents give various 
conditions: 
CH,OH CH,OH 
| ON} [0) 
CHOH —> CHOH —> 
CH,OH COOH 
Glycerol Glyceric acid 


CH 
ll 

CH + 2H.O. 
|| 

CHO 

Acrolein 


products depending’ upon 


TEs ) NE 
CHOH > ie 

| 

COOH COOH 


Tartronic acid Meso-oxalic acid 


Strong oxidising agents break it down to oxalic acid, carbon 
dioxide, etc. Thus warm, acidified KMnO, solution is decolorised by 
Elycerol, carbon dioxide being evolved. 


(4) With bromine and 
and glyceric aldehyde are formed. 
sugar, by ‘aldol condensation’. 


sodicm carbonate, 


dihydroxy-acetone 
These polymerise at 0° to u-acrosc, 


Chon GH.OH CH.OH CH:OH CH.OH 
| J | | 
2CHOH ঃ co ECHO 1 CO NCHOH 
| | 
CH,OH CH,.OH CHO CHOH—CH 
Giycerol Dihydroxy-acetone he 


(5) Hydriodic acid reduces it 


CH,.OH NH, 
| 3HI | 
CHOH _> CHI 

CH.OH be 


Glyceric aldehyde a-Acrose (or dl-fructose) 


to allyl iodide, propylene, ete. 


CHI 


1 
(Unstable tri-iodide) Allyl iodide £4 


(6) Oxalic acid forms formic ac! 
Glycerol yields, on fermentation, 


alcohol, ctc. 


id on heating with glycerol (Pp. 145). 
“butyl alcohol, butyric acid, ethyl 


CG 
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Synthesis of Elycerine.— Acetic acid may be s 
glycerine may be obtained from acetic acid St 1S 
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ynthesised from its elements ; 
thus a complete synthesis : 


CH H;SO, CH, H.O CH, 0. GH, 
(CC+H:)—> Ill = | | 
CH CH=(HSO,), CHO COOH 
Acetylene Acetaldehyde Acetic acid 
{CH Dry Ca-salt CH, CH, CH, 
| Reduction | PHIL 
COOH distilled CO — — > CHOH _> CHI 
Acetic acid | ‘ | 
CH, CH CH; 
Acetone Isopropyl alcohol Isopropyl iodide 
CH, GH; CHCl CH,OH 
Alc. KOH | Cl, ICI | HO at 170° | 
OT OHMS CHC ES 1 GHGI CHOH 
[| || under pressure | 
CH, CH.CI! CH.CIl CH.OH 
Propylene Propylene dichloride Trichloropropane Glycerol 


Glycerol is formed when allyl alcohol is oxidised with alkaline KMnoO,. 


CH,=CH—CH.OH + H,.0 + 0 = HOH.C—CH(OH)—CH,OH. 
Allyl alcohol Glycerol 


Synthetic glycerine. —U.S.A. makes glycerine from propylene 
which forms nearly 830% of the gases obtained during the cracking of 


petroleum. Chlorine at high temperature substitutes hydrogen in pro- 
pylene. The yield is high and the cost low. 


Cl, . 5% NaOH 
CH;=CH—CH, —>  GCH,=CH—CH:Cl ——> CH.=CH—CH,.OH 
Propylene at 500° Allyl chloride Allyl alcohol 
HOCIl at 15° aq. NaOH at 150° 


—— > CH,OH.CHCL.CH.OH — > CH.OH.CHOH.CH,OH 
(Clin H,0) Na,CO, GIEEBDE 

Structure of glycerol.—The molecular formula of glycerine is 
C,H,O,. The oxygen occurs as -OH groups because phosphorus 
pentachloride gives trichloropropane, CH,CL.CHCI.CH,Cl. Hence 
glycerol is C,H(OH),. That these -OH groups are attached to 
different carbon atoms follows from (a) the synthesis given above, 
(Bb) its stable character, (c) the successive formation of mono-, di- and 
tri-esters, etc. Hence glycerine is HOH,C—CH(OH)—CH,OH. 

Tests for glycerol.—(i) On heating glycerol with powdered KHSO,, irritating 
odour of acrolein is noticeable. 

(ii) The pink ‘coloration produced ‘on adding a few drops of phenolph- 
thalein to a dilute solution of borax, disappears on adding glycerol, but 
reappears on Warming. ডু ; j 

(iii) It decolorises an acidified dilute solution of KMnO, on Warming with 
liberation of CO.. k J 

Uses.—Glycerine is largely employed in making nitroglycerine, 
alkyd type plastics, printing and copying inks, transparent soaps, 
cosmetics, dyestuffs and allyl derivatives. In pharmacy, SN 
‘cough LECTION EYEE TC Suppositories, etc. ; nitroglycerine 
is a heart stimulant. For its hygroscopic nature, it is widely used to 
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keep tobacco moist, in shaving soaps, and also as a softening agent for 
Viscose films (e.g., cellophane). Glycerine, like glycol, is an antifreéze 
for automobiles. Large quantities are used in textile Processing and 
as a preservative and sweetening agent for foods. 


Nitroglycerine, C,H,(O.NO,),.—Glycerol (1 part) is carefully in- 
jected in the form of spray into a well-cooled mixture of conc. sulphuric 


acid (5 parts) and fuming nitric acid (8 parts). The temperature is 
kept within 25°, H,SO, absorbs the water formed: 


CH.JOH — HIONO, y EON 

Ne rt 

CH JOH HjONO, = GRONO: + 3H.0. 
FE 

CH.IJOH  HIONO, CH.0.NO, 


Glycerine Nitric acid Nitroglycerine 


Nitroglycerine, a pale yellow oil, occupies the upper layer. It is 
Temoved and washed with ice-cold water and then with a dilute solu- 
tion of sodium carbonate to remove the last traces of acid which makes 


it unstable. It is again washed with water and finally dried by filtration 
through calcined soda or a mat of sponges. 


Pure nitroglycerine is a colourless, odourless, heavy oil (sp. gr. 1:6) 
freezing at 18°. It has a sweet taste and is poisonous; its vapour 


causes headache and unconsciousness. In minute dose it is a heart 


stimulant. 1% alcoholic solution reduces high blood pressure. Nitro- 
but when rapidl 


glycerine ordinarily burns quietly and is harmless, 
Cated or detonated, it explodes violently. It is dangerous to handle 
It is mostly used 


the liquid as it sometimes explodes whimsically. 

as dynamite and blasting gelatine—both discovered in 1866 by the 

Swedish chemist and engineer, Alfred Nobel (1888-96), well known for 

Maugurating Nobel Prizes apparently to ‘relieve his human conscience’ 
§ a discovery by which thousands of People can be killed in 


Or makin 
no ti) : 5 
Xe, itself was, however, first made in 1847 by an 


Italian chem: 


nitroglycerine and 25% kieselguhr— 
bsorbs nitroglycerine and forms a soft 
be safely handled Our or wood pulp is also used for kieselguhr. Dynamite can 
j 1 . It explodes only when detonated and more 
roglycerine itself. Owing to a crack in the container, the 
Mixed with the Porous earth with which Nobel packed the 
absorbent for nitroglycerine was thus discovered and 
zl ELC 1S also used for rock-blasting and gold mining. 
Dinitroglycol (TRS he 1S mixed with some glycol and nitrated as usual. 
much lower freezing PORE Tesults) Tesembles nitroglycerine closely, but has a 
not freeze at the ordinary Ae mixed nitrate (termed Polar, arctic, etc.) does 
like mixture of about EET temperature. Blasting gelatine is a jelly- 
can be safely manipulated nitrocellulose and 93 Parts nitroglycerine. It 
—consisting of 65% nitrocell dite is the best known nitroglycerine powder 

dq HfOE smokeless TENE SSS A Vaseline Jand 30% nitroglycerine. It is 
EA EAE Fe cartridges. Jt is believed that nitroglycerine decom- 
poses during explosion as 


4C,H.(O.NO.), 


The gaseous products occu 
nitroglycerine, hence the explo: 


= 12C0, + 10H,0 + 6N, + 0.. 


Py about 1 


p 2 0,000 times the volume of the origin-* 
SIVe violenc 


€ is so great. 
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Nitroglycerine should be correctly called glycerol nitrate inasmuch as it is 
hydrolysed by aikalis like esters to glycerine and a nitrate : 
C:H.(O.NO.:), + 3KOH = C;H.(OH), + 3KNO.. 
Nitroglycerine Glycerine 
Dynamites now contain ammonium nitrate (55%), sodium nitrate (15%), 
wood pulp (15%) and a mixture of glycol nitrate and glyceryl nitrate (15%) 
which serves as the sensitiser for the ammonium nitrate. 1 


QUESTIONS 


1. How is glycerine obtained on a manufacturing scale, and how has its 
constitution been determined? Mention the various uses of glycerine.—B.Sc., 
Pass, 1937, Dacca University. 


2. What are glycols? How are they prepared? What are the oxidation 
products of ethylene glycol? 

3. What are the actions of (i) phosphorus pentachloride, (ii) dehydrating 
agents, (iii) nitric acid, and (iv) reducing agents’ on glycerol? 

4. What is glycol? How is it prepared? Discuss fully how its consti- 
tution is.established.—B.Sc., Pass, 1935, Allahabad University. . 

5. How is glycerine obtained by fermentation ? Discuss the possibilities of 
its manufacture in India. 

6. What is dynamite? How is it manufactured? What are its uses? 
Is it correct to call it nitro-glycerine? Jf not, why not? 

* 7. How is glycerine obtained on a large scale? How can it be 
synthesised? What is the action of (a) HI, (b).KHSO,, (c) HNO, and 
(d) NaOBr on glycerine? B.Sc., 1947, Bombay University. 

8.. How is glycerine obtained on a large .scale? How is it synthesised? 
State its properties and uses. Write what you know about naturally occurring 
glycerides.—B.Sc., Pass, 1937, Calcutta University. 

9. How is glycerine synthesised from its elements? Describe a method 
for obtaining it on a large scale. How is nitro-glycerine prepared and what 
nre its uses 1—B.A., Pass, 1937, Bombay University. 

10. Review the evidence bearing on the constitution of glycerol. Discuss 
the action of HI and oxidising agents on glycerol.—B.Sc., Pass, 1942, Patna 
University. 


CHAPTER XI 
THE ETHERS, C,H., ,.0. 


If from two molecules of a monohydric alcohol one molecule of 
Water be eliminated, we get an ether: 


R.O|H + HOR = R.O.R. + H,0, 
Alcohol Ether 


R being an alkyl group. Ethers may, therefore, be regarded as alkyl 
oxides, R,O. R-O- is called alkoxyl group ; e.g., CH,.O- is methoxyl 
Sroup. Ethers are saturated or unsaturated according to the nature of 
the hydrocarbon radicals. We may also look at them in a different 
Way. Alcohols are alkyl hydroxides, theoretically formed by replacing 
a hydrogen of water by an alkyl Sroup. Ethers are thus di-alkyl 
derivatives of water: 
H-O-H CH.,-O-H CH,-O-CH, 
Water Methyl alcohol Dimethyl ether 
If the alkyl Sroups attached to the OXygen are the same, we have 
simple ethers; if different, we get mixed ethers. 
R-O-R, C:H.-O-C,H,, Simple ether 
R-O-R,, CH.,-O-C.H,, Mixed ether & 
Ethers are isomeric with alcohols but have 
Perties. For example, they are lighter and far more volatile than 
alcohols, Practically insoluble in Water and also relatively. inert. By 
far the most important is di-ethy] ether, so much so, that it is simply 
called ether (cf. ethyl alcohol, P. 87). We consider it first. 


~ Diethyl ether, C.H.-0-C,H,, is Prepared in the laboratory or 
factory Y heating an excess of ethyl alcohol with concentrated sulphuric 
acid at about 140°. At higher temperature, we get ethylene (p. 57). 


REEL Was discovered by Valerius Cordus, a German Physician, 
in 1544. 


quite different pro- 


Preparation—A 500 C.C. distilling flask is fitted with a 
a thermometer, and A condenser. 100 যে j 
flask and an equal volume of 
shaking and cooling. The thermometer and the tap-fumef dip into the liquid ; 
the tap-funnel contains alcohol. € flask is gradually heated to 140-145° on 
2 sand-bath. The end of the con enser through which ice-cold Water is cir- 
culated, leads to Pe EHINVED cooled in ice. The side-tube of the Teceiver is joined 
With a rubber tubing to the sink 50 that no ether vapour can Teach the flame. 
The temperature is kept at about 140°: e s 
over. Fresh alcohol is slowly run from the tap-funnel to Keepythe: volume 
constant. The distillate which contains 2 little sulphurous acid. is shaken in 
a separating funnel with dilute caustic soda to remove the acid, then with a 
strong solution of common Salt to dissolve the alcohol. The lower aqueous layer 
is removed. The ether is dried with fuse 


Sed calcium chloride. The filtered liquid 
is distilled from a water-bath. Precautions Should be taken as before, the vapour 
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being highly inflammable. The last traces of water or alcohol are removed by 
allowing the liquid to stand over metallic sodium overnight and re-distillation. 


Fig. 28. Preparation of ether. 


C:H.OH + H.SO, =— C.H.HSO, + H.0 


Alcohol Ethyl hydrogen sulphate 
C:H.|HSO, + HJOC.H, => C.H..0.C,H, + H.SO.. 
Ether 


The regenerated sulphuric acid converts more alcohol into ether 
and the cycle goes on. It is, therefore, known as continuous etherifica- 
tion process. But actually ‘the ‘Process is seldom continuous due 0) 
side-reactions, some sulphuric acid is reduced to sulphur dioxide, etc. 
After some time, the water formed in the first step dilutes the acid. 
Nevertheless a small amount of sulphuric acid converts a large quantit 
of alcohol into ether (one part of H.SO, produces about 200 parts of 

her). With Bbenzenesulphonic acid, C,H,SO,H, or syrupy Phosphoric 
ethe ich are not reduced, the process is really continuous. With 
acid, a ] jrit, a less pure product, methylated ether, is obtained ; 
methy ly Er dimethyl and methylethyl ether. By this method, 
it contains Ra alcohols give ether but tertiary alcohols yield 
Bef Rs সে Primary butyl alcohol and higher members, however, 
only o ST EREALEL hydrocarbons and ether. The yield of ether is 
ek OE alcohols which dehydrate to olefines least readily. v 
CS 


; is reaction is not quite clear. The above two-stage 

y eco Soparently give the complete picture inasmuch as ether can be 
theory does hosting ethyl alcohol with any strong acid such as HCI, HI, H:SOs 
produced oY 7enesulphonic acid, etc. In fact, any electron accepting reagent’ 
picric acid, i ত te, zinc chloride, boron fluoride, etc. is effective. Furthermore. 
ES h formation at 155° at which ethyl chloride and ethyl] alcohol 
HO LG e ether. The formation of ethyl hydrogen sulphate as an 
do not react to Tet when H.SO, is used, is not therefore a necessary step. 
intermediate PIO, ethanol into ether is thus an acid-catalysed reaction না 

ers: 
Tie es appreciable above 100°. 
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H 


R:0:H+HB _> [R: 0: HJ+ + B- [B=base] 


[R:0:HIt+ + ROH _> [R:0: R]+ +H.0 


H 


H 


[R:0:R] +B -_>R:0:R+HB 


H 


With H,SO, possibly a second reaction proceeds simultaneously, giving ethyl 
hydrogen sulphate as an intermediate product : 


R:0.SO,H + ROH —> [R: 0: Rj+ + 0.S0.H- 


H 


[R:0: RJ? + 0.SO,8-_y>R: 0:R + H.S0O, 


H 
(2) By heatin 


§ sodium ethoxide with ethyl iodide in alcoholic 


solution under a reflux condenser, we get ether: 
‘0’ C:H.-O[Na + TCH; = Nal + C.H,-0-C.H.. 


hy Sodium ethoxide Ether 
ns With a different alkyl iodide, a mixed ether results: 
C:H,.ONa + C,H,I = C.H,-O-C,H, + Nal. 


st This is William 
almost directly esta 


Butyl iodide Butyl ethyl ether 


SOn’s synthesis (1850) of simple and mixed cthers, which 
blishes their structure. Alkyl sulphate may replace alkyl 


tialide in the Preparation. 


Be YY By heating ethyl iodide with dry silver oxide, ether is formed. 
[2 a 


oist silver oxide Produces ethyl alcohol (Pp. 74). 
Ve CHT + Ag.O = C,H,-0-C,H, + 2AgL. 


সে Eth 


yl iodide Ether 


(4) By Passing alcohol Vapour over alumina or thoria at 240-260°, 


in nearly 85% yield. At about 360°, however, the 
. 58). 


Main product is ethylene 


Ether thus prepa i 
Or the so-called ith f 


> HOt related to the hypothetical ‘ether’ of the physicist, 


high volatility of the cogent of the Hindus ; the name was chosen due to the 


compound (Greck aither, material filling heavenly space). 


Properties. Ether is REE it 
\; a neutral ar Stic 
sinell, and a burning tase » mobile liquid with a characteri 


TBlike aleobL EN SLE হী It boils at 845° and is extremely volatile! 


Which accounts for the 


NOL associate through hydrogen bonding, 


ir low Oilin i en 
HERB Ela me CE 8S Point. It takes fire even wh: 


Precautions must be taken while work- 


B20) end is slightly soluble in ieee ter Wan Mater (sp. gr. 


bond with water, 


i8 miscible with alcohol or liquid hyd 
to rapid evaporation, it produces inte 


!S accounts for the solubility. It 
rocarbons in all proportions.” Due 
Tse cooling, and so used as a local 
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anesthetic. Taken orally, ether produces intoxication like alcohol but 
the effect is more transient. Ether is rather unreactive chemically. 
Metallic sodium or potassium has no action on it as also alkalis. | 

Reactions. —(1) Phosphorus pentachloride does not react with 
ether at ordinary temperature, but on heating to about 200°, ethyl 
chloride is formed. The main product is a mixture of chlorinated 
ethers, chlorine coming from the pentachloride due to dissociation. 

(C:H.).0 + PCI; = 2C:H;CI + POCI.. 
Ether Ethyl chloride |, 

9) When saturated with gaseous hydrogen iodide, ethyl iodide 
and alcohol are formed at 0°. A larger portion of iodine goes to 
the smaller alkyl group in a mixed ether. . 

: +  CH-O-CH, + HI = CHI + C,H,OH. 
Ether Ethyl iodide 

(8) Strong hydriodic acid (d. 17) in excess decomposes ether on 
heating, mainly to ethyl iodide. By identifying the alkyl] halides, the 
composition of an ether, simple or mixed, can be determined. 

C,H.-O-C:H; + 2HI = 2C:H.I + HO. 


4) Heated under pressure with dilute sulphuric acid, ether is 
hydrolysed to alcohol: (C;H.).0 + HO = 2C,H;OH. 

(5) In sunlight and air, ether slowly forms ether peroxides, 
eg C,H..0.0.C,H,, or CH: CH O.CH CH, which are explosive 


O0-OH 

That is why explosion sometimes occurs while 
distilling old ether that has been exposed to air. | It should be shaken 
With ferrous sulphate solution before distillation to destroy any 
peroxide. Peroxide is also formed when ozone acts on ether. Ether 
containing even traces of peroxide cannot be used for anesthesia. It 
is detected by shaking ether with aqueous potassium iodide solution, 
the peroxide liberates iodine. Ether for anesthetic purposes is usually 
kept in small, coloured glass tubes sealed at both ends. A little a!cohol 
or water prevents peroxide formation. 

(6) On shaking with strong mineral acids in the cold, ether forms 
oxonium salts €.§, diethyl oxonium chloride (m.p. —92°), 


and highly tOXIC. 


[C:H, : 0:C:H.JTCr, 


H 
the acid forms a dative bond with a lone par of 
i Eo Fo Thus ether readily dissolves in strong acids, the 
Nn being an clectrolyte. Heated in a sealed tube, HC] splits 
ether like HI. ্‌ টী hel REALE 
ts like paraffins wi 2 Or Br, in the dark at 
(7) Ether reac fo form mono- and di-balogeno-ethers e.g., 


ordinary 6 CH, CH, and CH,.CHCLO.CHCL.CH,. 
3° 21 


(8) Alkaline KMnO, oxidises it mainly to acetic acid, and red 
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phosphorus and HI reduce it to ethane. Passed over alumina at 380°, 
ether decomposes into ethylene and water. 


Formerly ether was supposed to contain sulphur 
ether. Even to-day the name ‘ether sulphuric’ is use 
presumably on account of its method of preparation. 

Constitution of ether. —The molecular formula of ether is C,H, 0. 
Sodium liberates no hydrogen from ether, and Phosphorus penta- 
chloride produces two miolecules of ethyl chloride but no HCl." This 
shows the absence of hydroxyl group ; the presence of two ethyl radicals 
follows from Williamson’s synthesis of ether from sodium ethoxide 
and ethyl iodide (p. 120). Hence ether is C,H,-O-C,H,. On treatment 
with hydriodic acid, ethyl iodide is regenerated. 


“Uses.—Ether is a solvent for resins, fats, oils, alkaloids and 
cellulose esters. It readily dissolves many organic compounds and is 
Widely used for extracting them from aqueous solutions. It is a better 
anesthetic than chloroform in that it has no depressant action upon 
the heart, but acts rather slowly. In practice, a mixture of both is 
used is Surgery. When the concentration of ether in the blood exceeds 
04%, death may be caused by cardiac failure. Mixed with alcohol,. 
tis a petrol-substitute (Natalite). 


D Dimethyl ether, CH.-0-CH,, may be prepared by heating methyl alcohol 
with sulphuri 


Phuric acid in the same manner as diethyl ether, or by passing the 
Vapour of methanol over alumina at 250°. It is a colourless £as which con- 
Lenses to a liquid boiling at —23°. Concentrated H.SO, dissolves 600 times 
its volume, and water 37 times its volume, of the gas at 18°. Dimethyl ether is 
Sometimes employed as a refrigerant. It is isomeric with ethyl alcohol, C.H.OH. 


Homologues of ether.—Besides dimethyl and di-ethyl ether, there 
are many others by 


1t they are not so important, except isopropyl ether, 
(CHL).CHLO.CH(CH.),, Obtained as a byproduct in Lak et 
‘colo! from propylene (P. 96). Tt is used for extracting acetic and 
acids from their dilute aqueous solutions and also in high: 
rE fuels fo It is a good solvent for oils, waxes and 
রা ELE ay be prepared by methods described 
Hn ন COL ether, They closely resemble diethyl ether. Excepting 
a a EE other members are liquid—lighter than water and 
EGR] ৰ EE They are far more volatile than the mother 
0 ERE they ee ‘ssociate by hydrogen bonding. Chemically, 


es MAELEB YF On PCl, at high temperature, they 
are decomposed into alkyl halides. Ethers are colourless, neutral and 


inflammable bodies; the hi h n 
j ; €r members are, however, less volatile 
and also less inflammable 8 , however, 


and was called sulphuric 
d by some manufacturers, 


Name Structure b.p.°C Sp. gr. m.p.°C 
Dimethyl ether -*- CH.-0-CH, —23 Gas 138 
Methyl ethyl ether CH.-0-C.H, 8 -647 ~~ 
Di-ethyl ether 2 34:5 714 =U 
Di-propyl ether 90:7 -747 —112 
Di-isopropyl ether 67-5 726 Ec) 
Di-n-butyl ether 141 -769 i 
Di-isoamyl ether 


[i 


THE ETHERS 128 


Isomerism of ethers: metameri 
1 B merism .— i ic wi 
RLS ES represents Sl NE CH ‘0-CH 
যা HRN s-CH.-CH,-CH.OH. Ethers ST BE a EE 
a ith sodium or phosphorus Pentachloride (p. 5 


(fi) Ethers may contain alkyl radi ন A 
themselves, e.g., dipropyl EES) CE GHEE GE isomeric amongst 
di-isopropyl ether, (CH,),.CH-O-CH(CHL) RY H,-CH,-CH,, and 

(iti) Different alkyl radicals ma NE ডু 

atta ন 

£0 that the molecular formule are ও 1 LTE of an ether 

»H,-O-C,H; or C,H,,O0, and methyl propyl EE 8s CG iethyl ether, 
CHO. J" etaer, CH. -O-CSH or 

In (ii) and (fit) isomerism, within th ies, i 

L s i Ee : € series, 5 Hl 
A EE linked to oxygen. This is Ae different 
the compounds metameric. Ketones, esters, ami hei and 
metamerism. » Annes, etc., also exhibit 


QUESTIONS 


1. What is understood by the conti en 2 
can ethyl ether be prepared in a DUFE {OHTA BY REE process ? How 
uses? Enumerate characteristics of ether and ‘state bh: 0d? What are its 
by other methods.—B.Sc. 1948, Gauhati Uni. Ae 20W Can, .be Obtained 

2. What is a mixed ether? Sot 
ether ? How can you identify the nature of a mixed 

3. Write down the structures of i ৷ 
formula, C;H;:0. State how you SONG PERE Rh Re empirical 
and outline method of production of necessary materials.—B.Sc TIGA Sa 
*4. ‘How is ether manufactured? Ne Pt 5 
CEPEULNOD? ured? How would you establish its 

5. Suggest a method for the synthesis 1 
Pass 1933, Allahabad University. of ether from its elements—B.Sc., 

6. Ethyl alcohol and methyl ether have th 
would you ascertain the structural formula of Sach Dn CHO. How 
H:SO, on ethyl alcohol.—B.A. & B.Sc. Degree Exam., 1932 RRS of 

7. oN G) oF oo EEL { p How and under what EONS does 
it react with (a, : Tr, and (c 5s? —B.A. Degree E: 

University. Bree Exam., 1941, Madras 

8. A compound X has 6468% C, 13:51% H, and 21°62% নও 
density is 37. Only strong HI acts on X giving alkyl 0 LEE SNe 

% I. 


What is the structure of X? 


CHAPTER XI 
THE ALDEHYDES AND KETONES, C,H.,0. 


Primary alcohols, on mild oxidation, SE AE 
hydrogen and yield aldehydes (alcohol dehydrogenatum, te alcoh 
Lt f J gr en). They contain the monovalent aldehyde group, 
EO bie ৰ) group of the series. 

j R.CH.OH +O —> RCHO + H.0 
Primary alcohol Aldehyde Et 

Eo , On oxidation, form ketones. ertiary 
] PUES aldehydes or ketones without dis- 
টী DEE the carbon chain. 

a R:R.CHOH +O —> R,COR, + H.0 
Secondary alcohol Ketone 

The ketones have the bivalent carbonyl or ketone group, >CO. 
This occurs also in aldehydes in which at least one valency of the 
carbon is satisfied with hydrogen (thus forming the —CHO group). 
In ketones, both are satisfied with alkyl groups. Aldehydes and 
Ketones have the general formule R.CHO and R,.CO.R, respectively. 
Due to the common carbonyl group, many of their reactions are 
similar. Derived from monohydric alcohols (primary or secondary), 
CnH.n+,0, by the loss of two hydrogen atoms, aldehydes and ketones 
have the same general formula C,H,n0O, and are isomeric. 


-2H 

CH..CH..CH,O0H —> CH,.CH..CHO 

C,H,O, n-propyl alcohol Propionaldehyde, C,H,O 
-2H 


CH,.CHOH.CH, 
C,H,0, isopropyl alcohol 


. The aldehydes. Commonly, aldehydes are named after acids they 
yield on further Oxidation, e.g, 


HCH.OH 


CH,CO.CH, 
Dimethyl] ketone, C,H.O. 


—> HCHO HCOOH 
Methy! alcohol Formaldehyde Formic acid 
CH,.CH,0H —> CH,CHO CH,COOH 
Ethyl alcohol Acetaldehyde 


Acetic acid 
Geneva Convention of Chemists 


( (1892) suggested “al for “~e’ at he 
end of paraffins. But this is not yet BODE For ES 


CH, —> CH.OH —> 
Methane Methanol Me 
CH,CH, === CH,CH.OH ১ 
Ethane Ethanol SRR 


Formaldehyde, HCHO. —It occurs in traces in the plant cells 
containing chlorophyll ; it is formed duryi; 


Ng Photo-synthesis (P. 181). 
Preparation. —Formaldehyde is usually made 


: ) by passing a mixture 
of methyl alcohol vapour and air over Silver gauze at 550°-600°, or 
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iron-promoted molybdenum trioxide 5 ° y 
above 85% and 90% respectively. EET AS CUED 
H 


| H 
H—C—O|SH 3 6]= ECL 
সত + HO + 36,800 2. cal./g. mole 


JH 2 Me! 
Methyl alcohol 
The formaldehyde vapour is absorbed in ¢ 
হে wat. 
able conditions, 80-40% solution is obtained. TEAS suit- 
accompanies the aldehyde and retards its polymerisation methanol 


Formaldehyde 


Take 2-3 drops of methyl al i 
in the oxidising fame a Ell i) of OPES EEL ORE . Heat strongly 
the test-tube and close it immediately with a cork. The Bee it quickly into 
cupric oxide, is reduced to bright metallic copper and on 0! ack gauze, due to 
pungent odour of formaldehyde is perceptible. pening the test-tube, 

By flameless combustion of methyl % iY 
ls of a catalyst, formaldehyde is EEN | air in 
tion of methane (natural gas) by air also yields EE EEL oxida- 
in low yield. This is done in U.S.A. Commercial GnIH ¢ 0 
SL OD MEET EE) 1s Wy yet a success due to poor 

Properties.—Formaldehyde is a punge ‘ 
OL 
40% solution is known as formalin. In aqucous solution it a ater; a 
exist in hydrated form, i.e., as dihydroxymethane or meth EE to 
H,C(OH),. The aldehyde kills bacteria, probably by coa EEE glycol, 

rotein. Formaldehyde is readily oxidised to formic Ce re ত 

to methyl alcohol. The general reactions of aldehydes i RE 
under acetaldehyde as formaldehyde is somewhat diferente Bs ন a 


Uses. —Formaldehyde isa common antiseptic 8; 
formalin or paraform ; it is used for the TERR ER ন 
anatomical specimens. Cyclonite, (CH.),N(NO:),,, which is fo 
more powerful an explosive than TNT, is made from UOEOEINE 
. 128) and HNO.,. Formaldehyde is mostly made into jastiese Ee 
bakelite, galalith, etc., which are nice substitutes for ivory ক EL 
etc. It is illegal to Preserve milk with formaldehyde. jl Mixed বা 
se, it forms throat lozenges e.g-, formamint. It is also used ৰ 
manufacture of dyestuffs. Formaldehyde hardens glue or gelatine a ৰ 
makes it insoluble in water, so in the leather industry it rel er 
tannin. Formaldehyde is also consumed by the plywood BS eS 
U.S.A. made 12 billion 1b. of formalin in 1955, about 64% Ee 


plastics. 


Bakelil 
formaldeby' 
for making Va 
the discoverer (1908). 
of formaldehyde on th 


lacto 


fe is a hard, resinous matter obtained by the catalytic 
de and phenol. It is a good electric insulator ud REN of 
rious domestic articles. The name is after Backeland of i used 
Galalith is obtained as a horny material by th erica, 
e casein (protein) of milk. Galalith (gala না EN 

i 8 
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(b) With hydrocyanic acid, aldehydes give cyanhydrins. Acetal- 
dehyde gives acetaldehyde cyanhydrin, a colourless liquid (b.p. 108°). 
The bisulphite compound under (a) also reacts with aqueous KCN and 
gives the cyanhydrin (vide p. 104 for mechanism of reaction). 

CN CH, GN. JH, CH CN 
GEO Es Da Eo Se 
A ENE SO H/ \oH 
Acetaldehyde Acetaldehyde cyanhydrin 

On hydrolysis with acid or alkali, cyanhydrins yield hydroxy-acids and are, 

therefore, important for the preparation of the latter. 


OH OH 
A H.O Vs 
Ca ES SHC COON 


Acetaldehyde Sivas FVAFORy A OPLOAIG acid or lactic acid 
(c) With dry ammonia in the cold, aldehydes in ether solution 
form aldehyde-ammonias which are mostly crystalline, soluble in water 
but insoluble in ether. We get a trimer, [CH,CH(OH)NH,],, from 
acetaldehyde. On warming with dilute acids, aldehyde-ammonias 
reproduce the aldehyde. Aldehydes are thus purified. . Nitrogen of 
NH, with its unshared pair of electrons, is nucleophilic; it adds on to 
the carbonyl carbon as does CN", its hydrogen is now less firmly at- 
tached to N, one H gets attached to oxygen. 


0 CHT OH 
CHC Eee NOI NCECNE, 
Acetaldehyde H-N-H H 


1+ Acetaldehyde-ammonia 
H [J 


Formaldehyde gives no aldehyde-ammonia but forms a white, 
crystalline, polycyclic compound, hexamethylene tetramine, hexamine, 
or urotropine, (CH.),N,, and water. It is used in cases of urinary 
troubles. In normal human urine which is acidic, formaldehyde is 
slowly set free from urotropine, and hence the antiseptic action. Tf 
the urine is not acid, hexamine is administered with NaELPO, which 
makes it acid. Hexamine is prescribed in gout and rheumatism ; it is 
an accelerator for the vulcanization of rubber. Cyclonite, a high 
explosive, is made from hexamine by nitration. 


(d) Aldehydes form additive compounds also with Grignard 
reagent, CH,Mgl, which ultimately yield secondary alcohols on 
hydrolysis. Naturally, formaldehyde gives a Primary alcohol: 


(6) / OMgI H.0 0H 
RC CN i EC EH NR CCH: 
H 


Secondary alcohol 
OMgIl H.0 
ME 2 OH 
NST E GNSS 
Ethyl alcohol 


H.C=0 + CH..Mgl —> H:C 
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(tv) Aldehydes with PCl, yield dichloroparaffins. No hydrochloric 
acid is liberated. Acetaldehyde yields ethylidene chloride (Pp. 77). 
ই CH,CHO -: PCI, = CH,CHCI, + POCI.. 
2 Ethylidene chloride 


(0) Hydroxylamine in aqueous solution replaces the aldehydic 
oxygen by the oxime group, >NOH, forming aldoximes; oximes are 
hydrolysed by acids to free aldehydes. Acetaldoxime, a colourless solid 
(m.p. 47°), is thus produced from acetaldehyde: 


CHS | RATES CHS 
WE LOE: H..=NOH — ZC=NOH + H.0 
Hydroxylamine H 
Acetaldehyde Acetaldoxime 


(ut) Hydrazine or phenylhydrazine, in dilute acetic acid solution, 
forms with aldehydes crystalline hydrazones or Pphenylhydrazones. Acet- 
aldehyde gives acetaldehyde phenylhydrazone, CH,-CH=N-NH.C.H,, 
which exists in two forms ; the «-form melts at 98° and the B- at 57°. 


RS . RNS 
C=O + H.IN-NH;, = /C=N-NH, + HO. 
H ETE o 
Hydrazine 


Aldehyde Hydrazone 
R a Es RS 
DC=[OEHIN—NHCG,H, = DC=N—NHCH, + HO. 
H Phenylhvdrazine JH 
Aldehyde Phenylhydrazone 


(vit) Semicarbazide reacts similarly with aldehydes to form semi- 
carbazones.  Acetaldehyde yields acetaldehyde _ semicarbazone, 
CH,CH: N.NH.CO.NH,, a colourless solid (m.p. 162°). Aldoximes, 
phenylhydrazones, semicarbazones, etc., being crystalline solids with 


sharp m.p., help identification of aldehydes. 


R E-e 

>00 + H.|N-NH-CO-NH, = R-CH = N-NH-CO-NH, + HO. 
H Semicarbazide Semicarbazone 
Aldehyde 


(viii) Aldehydes and alcohols, on heating in presence of dry HCI 
gas or fused calcium chloride, form acetals and water. Acetaldehyde 
and ethyl alcohol yield acetal, a Pleasant-smelling, colourless, solvent 
(b.p. 104°), soluble in water. Tt is used in veterinary medicine. Acetals 
are hydrolysed by acids but not by alkalies. Formaldehyde and 
methanol at 100° give methylal, HCH(OCH,),, a liquid (b.p. 42°), 
soluble in water. It is a soporific. When primary alcohols are oxidised 
with potassium dichromate and dilute sulphuric acid to aldehydes, 
acetals are obtained as by-products. 


[6) R OH HO-R R OR 
RC + HO-R— RS ও LA + HO 
Alcohol Hemiacetal Acetal 

AES (unstable) 


Acetal and methylal are usually obtained from the corresponding alcohols 
by partial oxidation with MnO, and H.SO,. The aldehyde, first formed, 
RE deDses with the excess of alcohol to give the acetal. 


9 
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(ix) Aldehydes are strong reducing agents; they are readily 
oxidised by alkaline silver or cupric salts to carboxylic acids. (a) Am: 
moniacal solution of silver nitrate and acetal. 
metallic silver and acetic acid. 


Ag.O + CH,CHO = 2Ag + CH,COOH. 
Acetaldehyde Acetic acid 


dehyde give on warming 


(b) An alkaline solution of cupric salt (e.g., Fehling's solution) 
is reduced to red cuprous oxide on warming with an aldehyde which 
is oxidised to the corresponding acid. 


Cu|O + OHC.CH, = CH,.COOH + CuO. 
CuO Acetaldehyde Acetic acid Cuprous oxide 


(x) Aldehydes restore the colour of Schiff's reagent (fuchsine or 
magenta solution decolorised with sulphur dioxide) in the cold. Jt 
is a delicate test but not characteristic “of aldehydes alone; some 
ketones and oxidising agents behave likewise. 


ed Many aldehydes deposit a yellow, resinous solid on heating 
with dilute caustic alkalis. Formaldehyde is an exception ; in presence 
of conc. NaOH in the cold, one molecule is oxidised to formic acid 


at the expense of another which is reduced to methyl alcohol. 


AHCHO + NaOH = CH,OH + HCOONa. 


Formaldehyde Methyl alcohol Sodium furmate 


This is Cannizzaro rear given by aldehydes having no hydrogen 
in the «-position e.g, R,C.CHO. In Presence of aluminium ethoxide, 
however, acetaldehyde forms ethyl acetate, CH,COO.CH,CH, (p. 1892). 


5S. Cannizzaro (1826-1910), professor of chemistry in Rome, discovered 
the reaction in 1858. 


(ii) Polymerisation of aldehydes.—The aldehydes have a general 
tendency to Polymerise. The Polymers of formaldehyde are the most 
RE (cf, Polymerisation of acetylene, p. 68). Liquid formalde. 
DE Polymerises even at its boiling point (21°) and at higher tem- 
be TCs, With explosive violence. On evaporating an aqueous solution 
ৰ En de (and also at ordinary temperatures), paraformaldehyde 
EE (CHO), is obtained. ‘Tt is a white powder (m.p. 140°- 
F 0 i molecular Weight ; it reduces Fehling’s solution, and 
1s mocerately soluble in water. ‘On heating, formaldehyde gas is pro- 


duced, Which condenses back to paraform. It is a fumigant for dis- 
infection. A second, cr 


stalli ০ rf 
Triony meth ere TDS ec (0 Polymer (m.p. 62°), meta-formaldehyde, 


CHO), i i > lit 
CONE HL SO SELES ba 20), is formed in presence of a little 


in d i heated with dilute H,SO,. It is 
soluble in water and smells like chloroform. It sublimes readily and 
1. Like paraform, it yields formal- 


dehyde gas when heated. It does not reduce Fehling’s solution and 


has the constitution 
a OCH 


H.C 
No_cn./° 
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In presence of lime-water or other weak alkalis, formaldehyde polymerises 
at ordinary temperature forming a mixture of sugars, called formose, some 
of which have the formula, C;H..0,. Emil Fischer isolated a-acrose therefrom. 
The process is important as it indicates how, in nature, sugars are possibly 
produced by plants from carbon dioxide and water which have been Shown to 
form formaldehyde under suitable conditions. Traces of formaldehyde have 
been detected in plants. . Presumably, plants synthesise formaldehyde first (in 
presence of sunlight and chlorophyll); this polymerises into simple sugars 
which, by further polymerisation and dehydration, form starch, cellulose, etc. 


CO.+H.O0O —> HCHO —> C,Hi,.0, —> (C.Hi,,O0.)n 
Formaldehyde Sugars Starch or cellulose 
On adding a little conc. H,SO, to anhydrous acetaldehyde, paral- 
dehyde, (CH,CHO),, is formed with evolution of heat. It is a colour- 
less liquid (b.p. 124°) with a pleasant odour but unpleasant taste, 
sparingly soluble in water. It is an effective hypnotic. Paraldehyde, 
a cyclic trimer, gives no test for aldehydes: 


CH, 
| 
CH.CHO 5&2 CH, cHLO CHS 
3CH.. Ess GORE 
A NNN Cnt 


| 
Paraldehyde CH, 


Equilibrium is reached at 95% conversion of acetaldehyde. On 
distilling paraldehyde with dilute H,SO,, acetaldehyde is obtained back. 
Acetaldehyde also polymerises to paraldehyde slowly on standing. A 
second polymer, metaldehyde, is obtained when acetaldehyde is treated 
with a little SO, gas, HCl gas, or CaCl, at low temperature. It is 
crystalline and insoluble in water. It does not behave as an aldehyde, 
and is believed to be a cyclic tetramer.  Metaldehyde sublimes 
unchanged at 112° but on distilling with dilute H,SO,, yields acet- 
aldehyde back. Metaldehyde is used as a fuel (‘meta fuel’). 

If acetaldehyde is treated with ZnCl,; dilute alkali, or acid at 
ordinary temperature, a third Polymer, aldol or B-hydroxybutyric 
hyde is obtained, which, unlike the other two, does not reproduce 
the aldehyde easily.. Similar processes are known as aldol condensa- 
tion. Aldo) is dehydrated at 180° mainly to crotonaldehyde Which is 
commercially hydrogenated to n-butanol (Pp. 97). 


CH.CHO + HCH.CHO —~ CH,CH(OH)CH..CH 
Acetaldehyde Aldol * 


Heat H 
:CH=CH.CHO CH,CH,CH, 
CHICHC I E Grier EDT CEE Ee a) EAGER 

Having both aldehydic and hydroxyl group, aldol responds to 
the tests for aldehyde and alcohol, whence the name. It is an odour- 
rrupy liquid (b.p. 88° at 20 mm.), soluble in water. Aldol is 

4 5 making some perfumes and rubber vulcanizers. Two alde- 
ত A ketones (same or different) or a ketone and an aldehyde may 
hs part in aldol condensation in which only the a-hydrogen atoms 


are involved. 
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Acetaldehyde forms, in 95% yield, ethyl acetate by dismutation when 
treated with aluminium ethoxide at room temperature. This is Tishchenko reaction 
Which is similar to Cannizzaro reaction. The product here is an ester and not 
a mixture of an alcohol and an acid as in the latter reaction. 


2CH,CHO = CH,COOCH.CH, 
Ethyl acetate 


Structure of acetaldehyde.—The molecular formula of acetaldehyde is 
C,H,O. (i) It has no OH group as 


it liberates no hydrogen with sodium, and 
no HCI with PCI. (ii) With PCl,, acetaldehyde forms ethylidene chloride, 
CH,CHCL, i.e., two chlorine atoms replace the oxygen (cf. ethers, p. 121): 
(iii) Ethylidene chloride, on hydrolysis, forms acetaldehyde ; the carbon atoms 
in acetaldehyde are, therefore, directly linked. 
CH,CHCI, + H.0 = C.H,0 + 2HCI. 


Ethylidene chloride Acetaldehyde 
Hence one -CH. Broup occurs in acetaldehyde which, therefore, has the 


Structure, CHL Two electronic structures are possible viz. 
H. 


ENS 
(i) CH;: C: : O: and (ii) CH;: C: 0: 
H H 


The true structure is an intermediate between the two, a resonance 
hybrid (p. 106). The keto group has sufficient polar character. Nucleo- 
Philic reagents activate an aldehyde group which reacts in form (i). 


Uses.—Acetaldehyde which is less important than formaldehyde, 
AS some use in dye manufacture. It is chiefly made into alcohol, 
acetic acid and butanol, and employed as an antiseptic inhalant in 
Nasal catarrh, Acetaldehyde-ammonia is a rubber accelerator. 


HE ator acetaldehyde.—(i) A blue colour is Produced with sodium 
PES ‘Side and Piperidine and a cherry-red coloration with sodium nitro- 
ণ্ hes dilute caustic soda solution in excess. 

1) Tt redu 3 
colour of SES nmoniacal sil 
P-nitro-pheny]hydraz. 
reaction. 


ver nitrate or Fehling’s solution, restores the 
agent, and gives crystals of semicarbazone (m.D. 162 ) or 
one (m.p. 128°). Acetaldehyde also gives the iodoform 


Reactions in which formaldehyde differs from other aldehydes : 


() With dry ammonia, f i j 
ay EE CE COyde Lives no aldehyde-ammonia but 


(ii) With caustic Soda. formaldehyde Produces no resin, but forms formic 
| acid and methy] alcohol simultaneously (p. 130). 
(iii) With phenol, it Bives products like bakelite by repeated condensation. 
General methods of Preparation. —(1) By the oxidation of primary 
alcohols with K,Cr,O, and dilute H.SO,, or by Passing air and the 
alcohol vapour over silver at about 250° By dehydrogenation of the 


alcohol at 825° using Cu-Zn alloy as catalyst. 
OT OE EO HO ROTOR Lo RHO, 

(2) By the dry distillation of the calcium s 
calcium formate ; the yield is poor due to side 
(RCOO),Ca + (HCOO), 


alt of a fatty acid with 
-TEaction. 
Ca = 2RCHO + 2CaCo.. 
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(8) By Passing the vapour of formic acid and another fatty acid 


over manganot:s oxide, MnO, at 300°. 
HCOOH + RCOOH = RCHO + CO, + HO. 


(4) By the hydrolysis of unsymmetrical dibalides of the paraffins 
having the halogens at the end carbon: _ 


NaOH -H.O0 
RCHCl, _> RCH(OH), > RCHO 
(5) By ozonolysis of olefines of the type R,CH = CHR.. 


H. 
R,CH=CHR, + 0, —> R,.CH—-O-—-CHR, _> R,CHO + R,CHO. 
u Catalyst 


(6) From acid chlorides or anhydrides by catalytic reduction : 
RCOCI! + 2H —> RCHO + Hcl 
Acid chloride Aldehyde 
RCO.O.OCR + 2H = RCOOH + RCHO. 
Acid anhydride 
Hydrogen is passed into the acid chloride dissolved in boiling 
toluene or xylene containing palladium dispersed on the surface of 
finely divided barium sulphate as catalyst. Barium poisons the 
i Sater partially so that the aldehyde is not reduced to alcohol. 


General properties.—The lower members of the series are colour- 
less, volatile, neutral liquids (formaldehyde—and also acetaldehyde in 
a hot climate—is a gas at ordinary temperature). Their volatility 
decreases, and density, b.p., etc., increase with rise in mol. wt. The 
boiling points of aldehydes (and also of ketones) are much lower than 
those of parent alcohols ; this is due to the fact that they having no 
hydroxyl group, cannot form hydrogen bridges and associate. The 
higher members are not of much importance ; a few are used in per- 
fumery. Their chemical properties are exhibited by the reactions of 


acetaldehyde. 


The aldehydes, CnH.n0. 


Name Formula b.p.°C. MEDLEr 
Formaldehyde HCHO -21 -815 at -20° 
Acetaldehyde CH,CHO 208 9 
Propionaldehyde C,H,CHO 49 807 

n-Butyraldehyde C,H;CHO 73 817 
n-Valeraldehyde C,H,CHO 102 -819 
n-Caproicaldehyde C;H,,CHO 128 -834 


Choral trichloro-acetaldehyde, CCl,.CHO, is prepared by saturat- 
t ld Aa with dry chlorine at low temperature and then at 
ing 0. for 5-6 days. Chlorine first oxidises alcohol to acetaldehyde 
5 h it next chlorinates to chloral. Chloral and ethyl alcohol react 
15 yield chloral alcoholate. 


HOH + Cl, = CH,CHO + 2HCI 
CH,CH.. ° © Acetaldehyde 
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CHCHO + 3CL, = CCIL,CHO + 3HCI! 
Chloral 


CCI.CHO + C,H.OH = CCl,..HC(OH).OC.H.. 
Chloral alcoholate 
Solid chloral alcoholate is se 
H,SO, to obtain crude chloral. 
carbonate and redistilled. 


Pparated and distilled with strong 
This is neutralised with calcium 


CCL.CH(OH).OC.H, + H.SO, = CCILCHO + C.H,HSO, + H.0. 


Chloral is a heavy, oily 
It is used in making D.D.T. 
HNO, oxidises it to trichlor 


liquid with pungent odour, boiling at 97°. 
It gives most of the aldehydic reactions. 

0-acetic acid, CC!,COOH. 

CCl..CHO + O = CCL,COOH. 


Warm NaOH solution gives chloroform (P- 78) but no resinous 
product. 


CCI..CHO + NaOH = CHOI, + HCOONa. 


In presence of traces of acids, it polymerises to a white, amorphous powder, 
called meta-chloral. Chloral combines readily with water with evolution of 
heat, forming crystalline chloral hydrate. CCLCHO.H.0, or CClL.CH(OH),, 
Which only partially decomposes even at 100°. This is rather unusual as two 
-OH groups are attached to the Same carbon atom. Tts stability is due to the 
inductive effect of chlorine atoms which pull electrons from the C of carbonyl] 


Broup (cf. trichloroacetic acid) making it relatively positive so that -OH™ ions 
remain attached to this carbon. 


Chloral hydrate is crystalline (m.p. 57°) 
it has a characteristic smell and a sh 
Or respond to Schiffs 
Chloral hydrate, once 
largely Deen replaced b 


Bromal, CBr,.CHO 
CI,CHO, and its hydr 


and soluble in water; 
arp taste. It does not polymerise 
test, but reduces ammoniacal silver nitrate. 


an important hypnotic and a stimulant, has 
Y better soporifics. 


» And bromal hydrate, CBr,CHO,H.O, as also iodal, 
ate are known ; they are prepared in a similar manner. 


The ketones, C,H 


On oxidation, yield keto. 
-CO- group. They may be the same or different, giving simple or mixed 
ketones (cf., simple and mixed ethers, p. 118) respectively. ~ Thus 
dimethyl Ketone, CH,.CO.CH,, is a simple, and ethyl methyl ketone, 
CH;.CO.C,H,, is a mixed ketone. Ketones are commonly named after 
the alkyl groups attached to the carbonyl. The Geneva nomenclature 
adds ‘—one’ after the name of the 


corresponding hydrocarbon ; e.g, 
CH,.CO.CH,, 


CH..CO.CH..CH..CH..CH.CH. { 
Propanone Heptanone-(2) 


an 0.—As already stated, secondary alcohols, 
nes having two alkyl radicals linked to the 


[(2) means that the second carbon atom from one end is ketonic] 

Acetone, dimethyl ketone, CH,.CO.CH.. the simplest and the 
most important, occurs 1D traces in the blood and normal urine, but 
often in larger amounts in the urine of diabetic patients. It may be 
obtained by fractionating the aqueous distillate of wood distillation 
(p. 85) which contains about 0:5%,. constant-boiling mixture 
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(b.p. 54°9°), with 90% 
LP: o acetone and 10% methanol EE 
difficult. 0 + Makes purification 


Preparation. —(1) Acetone is i 
dry distillation of fused calcium LE UR eS LL 


Fig. 29. Preparation of acetone. 


CH,CO NS 

Ca = CH;,-CO-CH,; + CaCO.. 
CH;!COO Acetone 
Calcium acetate 

About 50 eg. of powdered fused calcium acetate is taken in a retort 
connected to a Liebig’s condenser and a receiver. The retort is slowly heated 
On a wire-gauze ; acetone distils over. The distillate is shaken with a saturated 
solution of sodium bisulphite. The crystalline acetone sodium-bisulphite com- 
pound formed, is filtered off and distilled with a saturated solution of sodium 
carbonate. The distillate containing acetone and water is dehydrated with fused 
calcium chloride and re-distilled to obtain the pure ketone. The industrial 
method. uses ‘acetate of lime’ from wood distillation. 

‘This is a general method for preparing higher ketones. By dis- 
tilling calcium acetate with the calcium salt of other fatty acids (except 
formic acid), mixed ketones, in addition to simple ketones, are obtained. 

(2) Oxidation of isopropyl alcohol with potassium dichromate 
and sulphuric acid yields acetone (cf. formation of aldehydes from 
primary alcohols). Industrially, however, the alcohol is dehydrogenated 
to acetone by passing its vapour over finely divided copper at 800°, or 
over zinc oxide mounted on pumice at 880°. Hydrogen is a valuable 


bye-product. 


CH,CHOHCH, + © = CH,COCH; + H.0. 
Isopropyl alcohol Acetone 


CH,CHOHCH, = CH..CO.CH, + H.. 


U.S.A. makes isopropyl alcohol from propylene, a bye-product of 
the petroleum industry (Pp. 96). 

3) Great Britaih makes it by reacting ethyl alcohol with super- 
heated steam (1: 4) in presence of a catalyst containing iron and 
calcium at 470°. The yield is about 80%. 


2C,H.OH + H.O = CH.COCH, + 4H, + CO,. 
Ethyl alcohol Acetone 
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(4) Acetone is also manufactured by passing acetic acid vapour over 
alumina, Al,O;, or thoria, ThO,, heated to 400° (MnO, MgO, etc., are 
also used). The yield, under suitable conditions, is about 95%. A 


giant seaweed growing along the Pacific coast of N. America is fer- 
mented to acetic acid for making acetone. 


CH.COIOH + H| JOOC|CH, = CH,COCH, + H.0 + (60) 
Acetic acid Acetone 


(5) By passing acetylene and steam over ferric oxide and zinc 
oxide at 280°, acetone is obtained in 90% yield. Acetaldehyde and 
acetic acid are believed to be intermediate products. 


2C:H, + 3H.O = CH,COCH, + 2H, + CO.. 
2 Acetone 
(6) Unsymmetrical dihbalides like RB 
alogen atoms attached to the same carbon 
the chain) yield ketones on hydrolysis. 


CH..CCIl..CH, + H,0 = CH,COCH, + 2HCL. 
BB-dichloropropane Acetone 


(7) During the war of 1914-18, acetone w 
starchy materials like maize, 
Fernbach’s bacillus 


B-dichloropropane (having 
which is not at the end of 


as first manufactured from 
potato, corn, etc., by fermentation with 


at 80°-85° in absence of air. Carbon dioxide 
and hydrogen are evolved during fermentation ; acetone (b.p. 565°), 
Ss alcohol (b.p. 117°) and ethanol (78:5°) are formed in the ratio 


: Acetone (yield 15-24%) was separated from the alcohols by 
fractional distillation. ‘The method was discovered by Fernbach in 
1910. e demand for acetone (for cordite) or ethyl alcohol during the 
War Was much greater than that of butyl alcohol, and a new organism, 
bacillus aceto-ethylicum, was found to produce only acetone and ethyl 
alcohol (1:8 approximately) from starch. In India, acetone may be 
made from molasses. 

Properties. — Acetone 
characteristic b 
56°5° and has 
and ether in 


is a colourless, inflammable liquid with a 

Ut agreeable smell and a burning taste. It boils at 

BLE 0197020 20°. TES miscible with water, alcohol, 

pounds pe FNESESOns and is a solvent for many organic com- 
kts “SSE through = 2 চট o 

TOES ketene, ACO gh an iron-free copper tube at 700°, acetone 


less, ver i Ki hic} ] y i 
p o) © Very reactive and toxic gas which polymerises 
to diketene (b.p. 127 ) spontaneously. 


CH,COCH, _> CH.=CO + CH, CH. CECH! CH;,-C=CH 
Ketene Aes 
0—C=0 0—C=0 
t Diketene 
. Ketene forms acetic Acid with water, acetyl compounds with primary 
amines, and acetic anhydride With acetic acid, the last is a commercial 
process. 
CH.=C0 + Ho = CH.COOH. 
RNH, + CH,=Co = RNH.CO.CH.. Ed 
CH,=CO + CH,COOH —> CH,=C 
Ketene Acetic acid ODOT SSH AAT 


Acetic anhydride 
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Reactions.—(1) Oxidation: Ketones are much less readily oxidised 
than aldehydes; they are not, therefore, reducing agents. They do 
not reduce Fehling’s solution or ammoniacal silver nitrate. Strong 
oxidising agents e.g., chromic acid, yield acids having’ a smaller number 
of carbon atoms. Acetone forms acetic acid, diethyl ketone gives 
propionic acid, and so on. 


CH,COCH; + 40 = CH,COOH + CO; + HO. 


Acetone Acetic acid 
CH,COC,H; + 30 —> C:H.COOH + CH,COOH 
Diethyl ketone Propionic acid Acetic acid 


On oxidation, a ketone breaks on either side of the -CO- group 
and may give four acids ; the longer alkyl group, however, gets OE REA 
more quickly. By identifying them, the structure of a ketone, simple 
or mixed, may be ascertained. 

(2) Selenium dioxide, SeO,, oxidises acetone to pyruvic aldehyde 
{cf acetaldehyde, p. 127). 

CH,COCH.H + SeO, —> CH,COCHO + H.O + Se 
Acetone Pyruvic aldehyde 

(8) Reduction: Ketones, on reduction with nascent hydrogen 

dium amalgam and water), yield, in part, the correspond- 
Acetone thus produces isopropyl alcohol. 

drogen, passed over freshly reduced nickel at 

‘The method is followed industrially. 


(e.g., from so 
ing secondary alcohols. 
Acetone vapour and hy 
120°, yield only the alcohol. 
CH,COCH, + 2H = CH,CH(OH)CH.. 
Acetone Isopropyl alcohol 


During reduction in aqueous solution with a metal, pinacol, a dibydric 


alcohol, is formed as a bye-product : 


CHS CH, CH; CH, 
C=0+2H+ Oo=C = C(OH)--C(OH) 
ER 27 NOH, CHL NEE 
Acetone Acetone Pinacol or pinacone 


i iquid (b.p. 174°), forms with six mols. of 

hydrous pinacol, a colourless liquid (b.p. )) যে 

Ee plate-like crystals (m.p. 45°) (Greek pinako table). On heating 

EH SOLO BCU ito es ETA STL intra-molecular change 
)1 Jourless liquid (b.p. 106°). 


yields pinacolone, a co. Lr 
CHS VCH, _ 6 } 
C(OH)—C(OH) = CH,—C0-6—CH, +'H.0. 
CH, Pinacol NCH, ত, 


Pinacoline or pinacolone 


Refluxed with amalgamated zinc and dilute HCl, acetone gives 


propane (Clemmensen's Reduction). 
| CH..CO.CH, + 2H, = CH..CH..CH. + HO. 


(6) Additive reackions: (a) Acetone forms bisulphite compound with 
saturated sodium isilphite, but much more slowly than acetaldehyde. 
“The product gives back acetone on boiling with sodium carbonate 


solution. Crude acetone can thus be purified. 
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CHS OH 
CH.COCH, + NaHSO, = AE 
Acetone CH SO,Na. ঞ 
Acetone-sodium bisulphite 
The bisulphite-compound is readily formed if one of the radicals is methy] 
(i.e., CH,CO-R) ; otherwise, the reaction is extremely slow. Ketones that do not 
form bisulphite compounds, do not also yield cyanhydrins with HCN. 


(b) With hydrocyanic acid, Ketones yield cyanhydrins but less 
readily than aldehydes. With higher ketones no reaction. Occurs. 
Acetone gives acetone cyanhydrin, a colourless liquid. The bisulphite 


compound in (a) and aqucous KCN yield the cyanhydrin more con- 
Veniently. 


CH, CE 4 IE MCHA oN { 
Acetone CN Acetone cyanhydrin 
(c) On saturation with ammonia, acetone slowly forms a conden- 
sation product at room temperature. At -65°, 


however, acetone gives. 
aAcetone-ammonia, (CH.,).C(OH)NH,, like acetaldeh 


yde. 
AD CH,COCH, 
+ 
(CH;).C! 0+ HJNH, = (CH.).C—NH, + H.0. 


Acetone 
(d) With alkyl magnesium h 
an additive Product which yields 
CH, 
C=0 + CH,MsgI 
CH, ALS 


Diacetoneamine 


2K —>  (CH.),C(OH) 
CH, CH; Trimethyl carbino!l 


{ { Sen-substituted products. 
cetone with chlorine Rives finally hexachloro-acetone, CCI,.CO.CEl, ; 
trichloro-acetone, CCLCOC a t 


; 1s an intermediate Product.  Chloro- 
acetone, CH,COCH.C], is a powerful Jlachrymator. 


(6) Phosphorus Pentachloride acts on ke 


; : EL tones in general, produc- 
Ing dichloro-deriyatives, but no HC! is evolv' 


I ) ed. Acetone is thus con- 
verted into Bp-dichloropropane. 
CH,COCH, + PC, = CH..CCI..CH, + POCI,. 
Acetone BB-dichloropropane 
(7) Hydrazine Or phenylhydrazine Teacts with ketones, as with 
aldehydes, and yields hydrazones or Phenylhydrazones. 
(CH.).clo + H.INNH, = (CH,).C=N.NH. + H.O. 
Acetone Hydrazine f j 


Acetone hydrazone 
H, = (CH.).C=N.NHG,H. + H.O. 
Zine Acetone Phenylhydrazone 


XY'amine produces ketoximes with ketones 
aldehydes). Acetoxime fives 


22) Acetone on ‘distilling with dilute 


(CH.).C=|0O + H.AIN.OH = 
Acetone  Hydroxylamine 


(CH).C=10 + HEIN.NHG, 
Acetone Phenylhydra 


(8) Similarly, hydroxyl 


(CH.).cC=NOH SHO} 
Acetoxime 
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(9) Semicarbazide, like hydrazine, gives semicarbazones with 
ketones ; these are crystalline and have definite m.p. 


(CH,),C=|0O + H.IN.NHCONH:; = (CH.),.C=N.NHCONH, + H.0 
Acetone Semicarbazide Acetone semicarbazone is 


(10) With nitrous acid, acetone forms an isonitroso-derivative: 
CH,COCHIH; + OINOH = CH.COCH=NOH + H.0. 
Acetone Isonitrosoacetone A 

(11) With bleaching powder or chlorine in alkaline solution, 


acetone yields chloroform (p. 78). Similarly, we get bromoform or 
iodoform with bromine or iodine in alkaline solution. This is known 


as haloform reaction. 
CH.COCH, + 3Cl, + 3KOH = CH.COCCI, + 3KCl + 3H.O. 


Acetone Trichloroacetone 
CH,COCCI, + KOH = CH,COOK + CHCl. 
Chloroform 


Condensation reactions.—Sometimes two or more molecules, same 
or different, unite to form a more complex molecule with a new linkage 
between carbon atoms. These are known as condensation reactions, 
and the products as condensation products; usually but not invariably, 
there is elimination of water, alcohol, HCl, etc., The term is rather 
clastic and difficult to define precisely. A new carbon-nitrogen linkage 
is also included in such reactions. Formation of aldol from aldehyde 
(p. 181), pinacol from acetone (Pp. 187), are instances. 

Polymerisation, unlike condensation, is a self-addition reaction 
which is repeated until a compound of very high mol. wt. results. 

(12) Condensation of acetone.—Unlike aldehydes, ketones have little ten- 
dency to polymerise, but they form condensation products under suitable condi- 


tions with elimination of water. (i) Acetone forms trimethylbenzene or 
when distilled with twice its weight of 80% H.SO,. Three molecules 


mesitylene i 
of acetone take part in the reaction, an equal number of water molecules being 
eliminated. An aromatic compound is obtained from an aliphatic. 
CH 
CH, j Vo 
CH,—CO CO—CH, H.SO, CH,—C C—CH 
Ll + 3H.0 
CH, CH, HE GH 
a ১১%? 
oe ৰ 
CH, CH, 
Acetone Mesitylene 


(ii) When acetone is kept for some time saturated with dry HCI gas, two 
unsaturated ketones, mesityl oxide (an oil, b.p. 130°) and phorone (a yellow 
solid, m.P- 28°) are formed ; these may be separated by fractional distillation 
Both give acetone with hot, dilute H.SO.. The former is a misnomer as it is 
an unsaturated ketone and not an oxide: the latter is so called because it is 
a ketone with a camohor-like odour (camphor + acetone). 


(CHJ.C=IJO_F HEJCHCOCH, =(CH.).C=CHCOCH, + H.0. 
Mesityl oxide 7 


ORGANIC CHEMISTRY 
140 


(CH,),C=|O + HICH (CEO 
GED = C=0 + 2H,.0O. 
eee op I 
(CH).C=|O + H.ICH (CH,),.C=CH 
te Phorone 


(iii) Acetone slowly undergoes ‘aldol condensation at 0° in presence of 
strong NaOH solution or solid baryta, Ba(OH),, Elving diacetonyl alcohol, an 
oily liquid (b.p. 168°) used as a lacquer solvent. 


CH,COCH, + O=C(CH,), = CH,COCH.C(OH)(CH,), 
Diacetony] alcohol 


Structure of acetone.—(i) The molecular formula for acetone is C,H.O 
(ii) When isopropyl alcohol is oxidised, it loses two atol 

gives acetone. (iii) With PCl,, acetone forms BB-dichlorop 
but no HCI, showing the absence of —OH group. 


e —OH group in isopropyl alcohol has disappeare 
is possible in three ways: 


Topane, CH,CCIl.CH,, 
(iv) Thus the hydrogen of 
d during oxidation. This 


_x CH.COCH, I 


CH,.CHOHCH, > CH, =COH—CH, II 
Isopropyl alcohol A CH—CH oH, Im 


(V) TI and III cannot explain the formation of BB:dichloropropane from 
acetone and PCl,, and of hydrazone, Semi-carbazone, diacetonyl alcohol, etc. 
as does I. Hence acetone is CH,CO H,. Since perfectly dry acetone slowly 
liberates hydrogen with Sodium, acetone is believed to exist in forms I and Il in 
equilibrium. 


CH..CO.CH, == CH, =COH—CH, 

Uses, —Acctone is a s 
acetylene. Tt is employed 
artificial scent, cordite, a sr 


crylate plastic (unbreakabl 
and iodoform are m 


cellulose acetate and 
for making sulphonal_a soporific, irone—an 
mnokeless powder, Plexiglas, a methyl metha- 


€ glass in aircraft) and ketene. Chloroform 
ade from acetone (PP. 78-79). 


Pnotic and a Sedative, specially in Motion sickness, is made 
Y Teacting acetone with chlorof. 


oform and solid KOH (cf., reaction 4 (b) on 
4S a camphor-like odour and taste. 


(CH.).co + HCCI, = (CH), C(OH).CCI,. 
cetone Chloroform Chloretone 
Tests for acetone.—(i) To a dilute solution of acetone, add a freshly 
Prepared solution of sodium nitroprusside and then caustic soda solution drop 
by drop—an orange-red colour is developed, which turns yellow after a while. 
Traces of acetone in urine are thus detected. But any ketone with the CH,CO- 
group gives this test. 


(ii) Iodine in potassium iodide solution is added to ammonia until slightly 
brown. Acetone is then added and warmed. On Standing for a few minutes, 
crystals of iodoform separate. But any ketone Containing the CH,CO- group 
Lives iodoform. Ethyl alcohol 


mM. .Bives iodoform with iodine and caustic soda 
but not with iodine and ammonia. 


(iii) Acetone restores the colour 


of Schiff’s Teagent very slowly. 
(iv) The semicarbazone Of aceto. 


ne melts at 187°. 
The pre-war consumption of acetone in India was only 25 tons per year 
chiefly for storing acetylene. About 700 tons Are now made annually from 
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alcohol. In 1955 U.S.A. made 539 million lb. of i j 
ase \ b acetone, 81% of which came 
Eo EOPTORY, alcohol ; the cost per lb. was 50 cents in 1918 but only 6 cents 
Methylethyl ketone, C:H..CO.CH,, is a bye-product i 
acetic acid from n-butane (Dp. 149) Or acetone from DS Pe IES Be 
obtained by the dry distillation of a mixture of calcium acetate and CA 
propionate. It boils at 81° and closely resembles acetone. 
(CH,COO).Ca + Ca(OOCC:H.:), = 2CH,COC:H; + 2CaCO, 
Calcium acetate Calcium propionate Methylethyl ketone ৰ 
U.S.A. makes it from n-butylene (p. 61) of the cracked petroleum gases : 
H.0 -2H 
C,H,.CH=CH, —> C,H.CH(OH)CH. —> C.H;.CO.CH,. It is a solvent 
and used for dewaxing lubricating oils under the trade name M.E.K. Nail 
polish contains M.E.K. 


The ketones, CnH.n 0. 


Name Formula b.p.°C SP. gr. 
Acetone, dimethyl ketone ... CH.COCH, 56'5 792 
Methylethyl ketone IT CHICOC:Hys 81 "805 
Diethyl ketone ES CH COG Hs 101 814 
Dipropyl ketone ... 4" GH,COGH; 144 '821 
Di-isopropyl ketone tL GCHCOCIH 124 "806 
Di-amyl ketone 3 1. 'C,H,, COCH: 227 "826 


Common reactions of aldehydes and ketones: Both produce 
(i) Cyanhydrins with hydrocyanic acid. 
(ii) Bisulphite compounds with sodium bisulphite. 


(iii) Oximes with hydroxylamine. 
(iv) Hydrazones and phenylhydrazones with hydrazine and phenyl- 


hydrazine respectively. 
(v) Additive compounds with Grignard reagent. 
(vi) Dichloro-derivatives with phosphorus pentachloride. 
Differences in the behaviour of aldehydes and ketones 
Aldehydes b Ketones 


Give primary alcohols Give secondary alcohols 


(i) On reduction 


ii idati i i Form acids with fi 
On oxidation Form acids with the same EERE 
NA number of C-atoms number of C-atoms 


ES EEL Sive Ketone 
Form resins (except form- | Form resins 


i ith caustic 
NY Wall: aldehyde) 
(v) Polymerisation Form polymers Form no polymers 


Yield condensation pro-| Yield various condensation 
ducts of the type of | products 
acetals and aldols 


(vi) Condensation 


Reduce Fehling's solu-|Do not reduce Fehling’s 


vii) Reducing - ; 
(04) tion and ammoniacal| solution or ammon. 


property 


AgNO, solution AgNO, solution 
(viii) Schiff's test Respond to Schiff's test |Do not easily respond to 
Schiff's test 


Ee ) 
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General methods of preparation. —(1) By the oxidation of secon- 
dary alcohols with acid dichromate or, by passing alcohol Vapour over 
alumina or thoria at about 300°. 


R,.CHOH.R, + 0 —> R..CO.R, + H,O 
R,.CHOH.R, —> R.CO.R, + H, 
(2) By hydrolysing dihalogen derivatives of the type R,CCl,R.. 
RECGL Re EO == R,.CO.R, + 2HCI. 


(8) By the dry distillation of Ca, Ba or Pb salts of carboxylic 
acids alone. With two different salts, three ketones, two simple and 
one mixed, result. Tf one be a formate, we get aldehydes. 


(R.COO).Ca = R.CO.R + CaCO.. 
(4) By heating higher fatty acids with PO, at about 200°. 


2R.COOH = R.CO.R + CO, + H,0. 


(5) By passing the Vapour of a fatty acid (except formic acid) over 
Manganous oxide at 300°. 


2RCOOH _> R.CO.R + CO, +H.0 


(6) Homologues of acetylene passed into hot dilute H,SO, in 
Presence of HgSO,, give ketones. 


RCECH + H.0 > RC(OH)=CH, —> RCOCH, 


General properties, Lower ketones up to C;, are mobile liquids, 
neutral and volatile ; the higher ones are solids. The lower members 
Are soluble in water but 
solubility decreases rather r 
common organ 


চ S such as alcohol, ether, etc. They are lighter 
tan water, having sp. 


+ ST. near about 08. Physical properties such as 
+ Change with rise in mol. wts: Unlike alcohols 


are ite v% h ! k Ie 
1 js Pleasant. Ketones react with sodium bisulphite to give 
i j] Paite compounds ; with HCN to 

hydrazi ঠি lrins 

2d on EE ld Phenylhydrazones, etc. On oxidation, they form 
FENG cts Pon atoms, and 0 back to secondary alcohols on 
reduction. Ketones 1 


der sui iti i various condensa- 
tion products. table conditions, yield va 


Dialdehydes have two -CHO খে 

and diketones two > CO groups ; the simplest 

EEE TS PLO), And diacetyl, CH,.CO.CO.CH Which gives butter 

0) bh 88°) soINblel tone, on OXidation with SeO, gives diacetyl, a yellow 

EE r dete Pimethyleyloxime CH..C(NOH).C(NOH).CH,, 
1s a delicate reagent for detecting and estimating nickel” ion. 


QUESTIONS 


ls How would you obtain a fPecimen of pure acetaldehyde from ethyl 
alcohol? Describe briefly the chief characteristics of acetaldehyde and show 
that it differs from paraldehyde. Calcutta Uni. B.Sc., Pass. 1939. 


a nea a AI ST 
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2. How is acetone obtained? Give < 
and enumerate as many reactions as you Can LER EES POPES 
respects does a ketone differ from an aldehyde ? Allahabad THE 3 Tal 

3. What is the relation between alcohols and aldehydes ? H fl 
you obtain one class from another? By what reactions can qi . Woull 
between a primary, a secondary and a tertiary alcohol? CS CBT 

Dacca Uni. B.Sc. Ordi $ 
Wo How can you obtain pure acetone from pyroligneous FER 1 
it be obtained from starch? State the properties and uses of SERCH Howie 
Calcutta Uni. B.Sc. Pass. 19. 
a - B.Sc. Pass. 1941. 

5. Starting from acetone how can the following be obtained : j 
propylene, chloroform and pinacone? Give equations. URLS 

t EEE and contrast the chemical properties of aliphatic aldehydes 
and ketones. + f Bombay Uni. B.A., 1937. 

7. Explain with illustration the terms ‘condensation’ and ‘polymerisation’ ; 
give an account of some polymerisation and condensation products of 
formaldehyde, acetaldehyde and acetone. Agra Uni. B.Sc. 1952. 

8. How would you detect formaldehyde in dilute a i fy i 

: iE a queous solution? Hi 
does it differ from other aliphatic aldehydes. What are its chief uses? What 
is formalin ? 

9. A compound X has 69°8% C and 116% H ; it does not reduce Fehling’s 
solution and on careful oxidation with excess of oxidising agent, gives only 
acetic acid. What is the structure of X? 

10. How would you proceed to test whether an aqueous solution contains 


acetaldehyde, ethyl EE 
SH Write notes on :—(f Cannizzaro reaction, (b) pinacoline, তা 


condensation, and (d) mesitylene. 
12. Give two methods for the preparation of acetaldehyde and acetone. 
Compare and contrast their properties. B.A. & B.Sc., 1941, Andhra Uni. 


13. How is acetone manufactured? _ State its properties and uses. ১S 
J B.Sc. Degree Exam. 1942, Madras Uni. 


14. A substance X has 69°8% C and 11°6% H with a vapour density 
Z = X+2H 


of 43. With strong alkali it reacts as 2X+ NaOH = Z+Y where 
but does not turn brown or get polymerised. What is the probable structure 


of X? 


CHAPTER XII 
THE ALIPHATIC MONOBASIC ACIDS 


The fatty acids.—On oxidation, aldehydes take up another 
atom of oxygen and pass on to acids. Formaldehyde and 
acetaldehyde thus yield formic and acetic acid respectively. 


HCHO + © = HCOOH. CH,.CHO + O = CH,COOH. 
Formaldehyde Formic acid Acetaldehyde Acetic acid 


The general formula for acids of this series may, therefore, 
be expressed as R-COOH. The carboxyl (carbonyl, -CO- and 
hydroxyl, -OH), —COOH, is the functional group of organic acids, 
excepting only a few, e.g., hydrocyanic acid, sulphonic acids, phenols, 


etc. The carboxylic acids are apparently the final oxidation: products 
of the paraffins: 


[0) [) [) 
Paraffin — Alcohol —> Aldehyde > Fatty acid 
HCH, HCH,OH HCHO HCOOH 
Methane Methyl alcohol Formaldehyde Formic acid 
CH,CH, CH,CH,OH CH,CHO CH,COOH 
Ethane Ethyl alcohol Acetaldehyde Acetic acid 


Except formic acid, these may be regarded as derivatives of 
paraffins, in which one hydrogen atom has been replaced by a carboxyl 
Broup. These are called fatty acids because many of them occur in 
combination with glycerol in natural oils and fats, and resemble fats 
Physically. Their acid character is due to the ionisable hydrogen of the 
carboxyl group, which is replaceable by metals. 


RCOOH > RCOO- + H+ 
Basicity of a carboxylic acid is determined by the number otf 


carboxyl groups in the molecule. Fatty acids are all monobasic; they 


are saturated or unsaturated according as the alkyl radical is saturated 
or not. 


Nomenclature.—The trivial names of fatty acids end in “ic”, and 


are derived mostly from their .original sources €.g., formic acid 
(formica, ant), acetic acid (acetum, vinegar), butyric acid (butyrum, 
butter), etc. Valeric acid is present in valerium root, 


) j c ! caproic, capric and 
caprylic acids occur in the fat of goat's (capra) milk ; lauric acid is 


found in the oil of laurel. Some of the higher members are named 
according to the number of carbon atoms in the molecule, e.g., heptoic 
acid is C;HL,,O0,. The Geneva system names the acids after the parent 
hydrocarbon by adding ‘-oic acid’ to it, e.g., HCOOH is methanoic acid ; 


CH,COOH is ethanoic acid, etc. This is, not, however, commonly 
followed. 


SPofmic acid, HCOOH, the first member 
in red ants as also in the stings of bees and 
little of it during stinging. It is Present in 


of the series, occurs 
Wasps which inject a 
Some plants, e.g, in 


THE FATTY ACIDS i145 


the bristles of stinging nettles and also in traces in urine, perspira- 
tion, etc. It has been known since 1670. 


Preparation.—(1) Formic acid may be obtained by oxidising 

methanol or formaldehyde with air in presence of Platinum black. 
CH,OH + 0 = HCHO + H,0. HCHO +0 = HCOOH. 
Metnanol Formaldehyde Formic acid 

(2) Hydrocyanic acid, on hydrolysis with acids or alkalis, yields 
formic acid. An aqueous solution of hydrocyanic acid, on standing, 
forms ammonium formate. 

HCN + 2H,O0 = HCOOH + NH, = HCOONH.. 
Formic acid Ammonium formate 

(8) Formic acid is manufactured by passing carbon monoxide 
(as producer gas) at 6-10 atmospheres pressure over soda-lime or 
sodium hydroxide at about 210°. The gas is slowly absorbed and 
sodium formate is formed. The free acid is liberated with cold dilute 
sulphuric acid: 

CO + NaOH = HCOONa. HCOONa + H.SO, = HCOOH + NaHSO.. 
Sodium formate Formic acid 

Strong H.SO, decomposes the formate into carbon monoxide: 
H.SO, + 2HCOONa = 2H.0 + 2C0 + Na.SO.. 

A recent industrial method claims to make the acid in 50% con- 
centration by passing CO and steam under pressure over a metal oxide 
or halide catalyst at 200-300°. 

CO + H.O0 > HCOOH 

44) In the laboratory, formic acid is prepared by heating oxalic 
acid and glycerol. Heated alone, oxalic acid decomposes into formic 
acid and carbon dioxide ; the yield is very poor due to side-reaction. 

HOOC—COOH = HCOOH + CO.. 
Oxalic acid Formic acid 


Preparation.—Take about 40 c.c. Of glycevine and 50 g. of oxalic acid 
crystals in a distilling flask provided with a thermometer, a condenser and a 
receiver (Fig. 30). The bulb of the thermometer dips into the liquid. The 


bh) 


Fig. 30. Preparation of formic acid. 


flask is heated to 100-110°. Carbon dioxide is evolved. and formi ন 
water distils over. The action slackens after some time. Morente 2 


10 
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crystals are added, maintaining the same temperature. This is continued until 
sufficient formic acid collects. The distillate 1S gently warmed with excess of 
litharge, PbO, and filtered hot. The filtrate is concentrated, colourless crystals 
of lead formate separate. 

In presence of glycerine, the change takes place in a different 
way with a better yield. Glycerol mono-oxalate, first formed, decom- 
poses into glyceryl mono-formate (or mono-formin) and CO, .at higher 


temperature. 
CH.IJOH Hio0oc EEL 
sr 
tor + COOH = COOH -+ H.0. 
|| Oxalic acid CHOH 
CH,OH || 
Glycerine CH.OH 


Glyceryl mono-oxalate 
CH,.—0—OC—|COO!H SEES OCH 
CHOH = CHOH + CO.. Y 


| 
CH.OH Ki CH.OH 
Glyceryl monoformate 


Fresh oxalic acid hydrolyses the monoformin to glycerol and 
formic acid: 
CH:——0—OCH CH.OH 


| |] 
CHOH  HOI|H = CHOH + HCOOH. 


I || Formic acid 
CH,OH CH,OH 
Glyceryl monoformin Glycerine = 


Regenerated glycerol then reacts with fresh oxalic acid and the 
Process continues. A little glycerol converts a large amount of oxalic 
acid into formic acid (cf. ether, P- 119). Some glycerine is, however, 
transformed into allyl alcohol, CH, = CH-CH,OH. 

Anhydrous formic acid.—Formic acid (b.p. 100'5°) forms a 
constant-boiling mixture (b.p. 107°1°) with 225% water ; so it cannot 
be purified by fractional distillation. Concentrated H.SO, decomposes 
the acid. The anhydrous acid is commonly prepared. by pass'ng 
sulphuretted hydrogen over dry lead formate in a tube at about 110°. 

(HCOO).Pb + HS = 2HCOOH + PbS. 
Lead formate Formic acid 

The acid is finally freed from sulphuretted hydrogen by distilla- 
tion with a little fresh lead formate. ‘The pure acid may also be 
obtained by distilling the sodium salt with sodium bisulphate, or the 
us- acid (about 85%) with phthalic anbydride (8 parts) which 
. forms phthalic acid (m.p. 281°). 

HCOONa + NaHSO, = HCOOH + Na.SO.. 
Sodium formate Formic acid 


Formic acid results when chloroform is treated with alcoholic NaOH 
(Dp. 79) or chloral with caustic alkalis (p. 78). 


(6) Sodium amalgam reduces a concentrated solution of ammonium 
carbonate to Ammonium formate, HCOONH.. 


(NH,).CO, + 2H = H.O + NH, + HCOONH.. 


— 


! 
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Properties.—Formic acid is a colourless, mobile liquid (sp. gr. 
124 at 0°) with a pungent smell. It solidifies at 88°. It is a dimer in 
vapour state; a ring structure due to intermolecular bonding by 
hydrogen is supported by electron diffraction studies. Such bridged 
Tings are called chelate Tings (Greek chela a crab) $ 


Formic acid 


The acid is miscible with water, ether and alcohol in all Proportions. 
It corrodes the skin raising blisters. Formic acid is the Strongest fatty 
acid ; it is about twelve times Stronger than acetic acid. The dissociation 
constant, k (at 25°) is 291°4 x 10-s for formic and 1°86 x10-s for acetic 
acid. It reddens litmus, liberates carbon dioxide from carbonates, and 
dissolves some metallic oxides. Formates are soluble in Water except 
those of lead and silver. The acid and its salts are decomposed into 
carbon monoxide by concentrated HLSO, which extracts the elements of 
Water. Pure carbon monoxide is thus prepared. 
HCOOHL[ + H.SOo,] > co + H,O 
Formic acid and formates reduce ammoniacal AgNO, to silver 
(as does tartaric acid, q.v.) and also mercuric chloride to mercurous 
chloride. This is Probably not due to an aldehyde Eroup in them for 
they do not give other characteristic reactions of aldehydes e.g., reduc- 
tion of Fehling’s solution. A soluble formate with AgNO, gives silver 
formate which on heating splits into silver: 
2HCOOAS = 2Ag + HCOOH ECO. 

Mercuric formate, similarly formed, spontaneously decomposes to 
mercurous formate which gives mercurous chloride with chloride ions. 
2(HCOO),.Hg = (HCOO). Hg. + HCOOH 4- CoO.. 

Alkali formates yield oxalates and hydrogen at about 400°. 
Oxalic acid is thus manufactured, sodium formate coming from carbon 
monoxide and caustic soda (p. 145). 


NaOOCIH + HICOONa = NaOOC.COONa + H, 


Sodium formate Sodium oxalate 
But the calcium or zinc salt produces formaldehyde when heated: 


HCO/0 

/ DC = HCHO + Caco, 
H/ COO Formaldehyde 
Calcium formate 


Heated alone to_160°, it splits into carbon dioxide and hydrogen: 


HCOOH —_> CO, + H, 

Uses.—Formic acid stimulates fermentation by yeast. Itis an 
antiseptic for preserving fruit juice. In tanning, it is used for removin 2 
lime from leather, and in the textile industry for dyeing wool and 
cotton from an acid bath. It is also employed for coagulating rubber 
latex. Nickel formate is a catalyst for hydrogenating oils to Vanaspats, 
Oxalic acid is made from sodium formate. ‘The acid is used in nickel 
plating bath. 
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In 1955-56 India imported 3,535 cwt. of formic acid valued at Rs. 2,10,357. 


.—(i) Neutral formates produce a red coloration with neutral ferric 
CEES LER (similar red coloration is also obtained with acetates which, 
ROSETEE differ from formates in the following tests). 


(ii) Ammoniacal silver nitrate solution is reduced by formates. 


(iii) Mercuric chloride solution, added to a solution of formic acid or a 
formate, gives a white precipitate of mercurous chloride. 


(iv) On warming anhydrous formic acid (or a solid formate) and conc. 
H:SO,, carbon monoxide is liberated, which burns with a pale blue flame. 
Constitution. —The molecular formula of formic acid is CH,O,. 
With normal valencies of the atoms, formic acid may be cither 
H তে 
Eel 0 CO LenH CO 
H (9) HO HK 
TL II H: O: 


Formic acid which is monobasic, has only one replaceable hydrogen. 
Structure T has both the hydrogen similarly linked, both should be 
replaceable. This peroxide structure is inconsistent with its beha 
The hydrogen of the OH group in II should be replaceable by metals 
as in sulphuric acid or alcohols, etc. Formation of formic acid by the 
oxidation of formaldehyde, or from chloroform and caustic soda (p. 79) 
follows readily from II which, therefore, represents the correct structure. 


viour. 


[0) 6) 
HCC OS: HCL 
H OH 
Formaldehyde Formic acid 


Acetic acid, CH.COOH, known from the earliest times, is present 


in sour wine (as dilute Vinegar) formed by the atmospheric oxidation 
of ethyl alcohol. In combination with glycerine, acetic acid occurs in 
croton oil; the free acid is found in the juice of many fruits and in 
animal secretions. As salts, it occurs in the sap of certain plants. 
Many essential oils contain esters of acetic acid. 


Preparation. —(1) By the oxidation of ethyl alcohol with potassium 
dichromate and sulphuric acid, or with air in presence of a catalyst, 
€.g., platinum black. 


[9 (0) 
CH,CH.0H _> CH,.CHO —> CH,COOH 
Ethyl alcohol Acetaldehyde Acetic acid 
(2) In a more recent method, a mixture of large excess of n-butane 
(from petroleum) and air under pressure is Passed into acetic acid 
containing cobalt and manganese acetates at 165°. Acetic acid and 


methylethyl ketone formed are dissolved in water and separated by 
fractional distillation. 


CH.CH.CH.CH, + 0, —> CH,CH,COCH, + H.O0 
n-butane Methyl ethyl ketone 
2CH,CH,.COCH, + 0, —> 4CH,COOH 
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(8) Glacial acetic acid is manufactured mainly from acetylene 
which with water yields acetaldehyde on Passing into hot sulphuric 
acid (10-40%), containing mercuric sulphate (Pp. 67). Accetaldehyde 
is oxidised to acetic acid by air at about 70° in Presence of manganous 
acetate (05%), Peracetic acid, first formed, reacts with acetaldehyde 
to give acetic acid. U. S. A. thus makes over 75% of her acetic acid 
(cf. formation of sodium acetate from acetylene, P- 68). The yield 
is over 80% and the strength about 97%. b 

H.O0 [ox CH,.CHO 
C,H, —> CH,CHO —> CH,CO-0-0H_— > 2CH,COOH 

Acetylene Acetaldehyde Peracetic acid Acetic acid 

(4) From pyroligneous acid which contains about 6-10% acetic 
acid (p. 85). ‘The vapour is passed into hot milk of lime—calcium 
acetate thus formed, is heated to about 250° in air to decompose 
some of the impurities, ‘grey acetate of lime’ is obtained. It is dis- 
tilled with the requisite amount of strong sulphuric acid. 

(CH,COO).Ca + H.SO, = CaSO, + 2CH,COOH. 
Calcium acetate Acetic acid - 

The distillate containing 40-60% of acetic ‘acid, is neutralised 
with caustic soda. Sodium acetate, CH,COONa+3H,0, formed is 
fused to anhydrous sodium acetate and distilled with conc. H,SO, 
to obtain pure glacial acetic acid. Crude calcium acetate, distilled 
in vacuum with conc. H,SO,, gives 80% acetic acid which is fractionated 
to 99-99°5% acid. 

A cheaper method of extracting acetic acid from Pyroligneous acid with 
high-boiling wood oil (the Suida process) or isopropyl ether competes with the 
synthetic process. The solvent is recovered by fractional distillation and used 
again. 92% acetic acid is thus obtained. This meets only a small fraction of 
the world demand. bl 

(5) Methanol vapour and a large excess of CO under 700 atmos- 
pheres are combined at 800-400° in presence of a catalyst (tungsten 
or a phosphate) to acetic acid and methyl acetate. 


CH,OH + CO —> CH,COOH 


(6) Heated to 180° in an atmosphere of CO, sodium methoxide forms 
sodium acetate (cf. formation of sodium formate from NaOH and CO, Pp. 145) 
which gives acetic acid with H:SO,. Boiling mineral acids or alkalis hydrolyse 
methyl cyanide to acetic acid. 

CH,CONa + CO = CH,COONa. 


CH,CN + 2H.0 —> CH,COOH + NH, —> CH,COONH.. 


(7) Dilute acetic acid as ‘Vinegar’ is obtained by fermenting 
weak alcohol with a living organism, Mycoderma aceti, in presence 
of air. It is a case of bacterial oxidation which also takes place in 
presence of other oxidants (e.g., quinone) than air. The spores of 
these bacteria, present in air, gradually convert light wines into acetic 
acid; wines thus go sour. They cannot, however, survive in wines 
containing more than 15% alcohol. That is why port and sherr 
do not turn sour in air. They cannot also grow in pure alcohol 
because they need food materials like Phosphates, nitrogenous matters. 
etc., present in wine. 
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Pasteur's Mycoderma aceti no longer stands for a particular species of 
bacteria and so the name has. been abandoned. Acetobacter aceti, A. 
_ pasteurianum, etc., are distinct species capable of effecting the change. 


Quick vinegar process.—Dilute alcohol (6-10%) e.g., low-grade 
wines or fermented wort, is allowed to trickle down beech-wood 
shavings, birch twigs, wood charcoal or fabrics, previously 
moistened with vinegar, so that these are coated with the 
growth of the organism. The shavings are placed in large wooden 
vats with two perforated discs at the top and bottom. There are holes 
on the side of the vat near the bottom to admit an ascending current 
of air while the alcoholic liquor travels downwards. The shavings dis- 
tribute the wine over a large 
surface, facilitating oxidation, 
and also provide food for 
the bacteria. As the reaction 
is exothermic, the rate of flow 
of alcohol is regulated to keep 
the temperature near about 
85°. The supply of air is con- 
trolled—with a very slow cur- 
rent, oxidation proceeds only 
up to acetaldehyde, whereas 
with too liberal a supply, 
carbon dioxide and water may 
result. The liquor that collects 
in the receiver is allowed to 
drop again from the top of 
the vat. By repeating the 
process, vinegar containing 


Fig. 31. 


Manufacture of vinegar. about 14% acetic acid may 
be obtained. At a higher 
Concentration, th n বা ডু o 5 
+» the bacteria ৰণ CC i - 
ever, contains o a become: inactive. Vinegar usually, how 


fermented wort EE of acetic acid. Malt vinegar is made from 
some FARE ন esides. acetic acid, vinegar ‘contains a little alcohol, 
hich pairtly SEEM acids, and also a little of their ethyl esters 
Made FORT t for its odour. Commercial acetic acid is seldom 
INCgar—it is too dilute. 

smal HL is a colourless liquid with a pungent 
Did ifes TOE CN and has a specific gravity 1055 at 15°. It 
(Lati Tare i Ite, crystalline solid at 167°, hence the name glacial 
Ed ether ন El or Hic acid. The acid is miscible with water, alcohol 
NEL EE RE It dissolves in water with evolution of 
Ei Per Hele In volume 50. that an aqucous solution may 
BE TE ন RALLY than ‘the acid itself. It burns with a pale 
i EE Ta 2 boiling point. Acetic acid is a good solvent 
SU ১ Banic substances and also for phosphorus, iodine and 
Paur. It attacks the skin causing painful wounds. 
Salts of acetic acid or 


acetat A ৰ J 
Cs are soluble in water but the basic salts are mostly insoluble. 


acetates are mostly crystalline. Normal- 
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Sugar of lead, (CH,COO),Pb+ 3H.O, Obtained by dissolvi i 
or lead carbonate in the commercial acid, has a TERRE 
and is a poison. It is used in medicine and dyeing. i ba 


Acetic acid is weak, much weaker than HCl, HNO " 

dissociation constant, k of acetic acid at 25° i Ee REE Ee 
it, k of acetic acid at 25° is only 1°86 x10. (The 

degree of electrolytic dissociation in decinormal solution at 25° is 41% 
for HCl but only 18% for acetic acid and 0°17% for HCO.) ie te 
acetic acid in Hi,O is about 8 times that in heavy water Do a 
decomposes carbonates liberating carbon dioxide and Lea Ss 
some metals with evolution of hydrogen. Zinc dust in acetic acid is 
a common reducing agent. Acetic acid is a dimer, (CH,COOH),, in 
benzene solution and also in vapour or liquid form. This ASSOC AG 
is due to hydrogen bonding (cf. formic acid, p. 147). 

In contrast with formic acid, acetic acid is very weak, non-reducing, 
stable to heat or conc. H,SO, and has no antiseptic property. 

Acetic acid is remarkably stable towards oxidising agents; so it 
is used as a solvent in oxidation reactions. Lithium aluminium hydride 
LiAlH,, in ether solution reduces it to ethyl alcohol. On passing 
chlorine into the boiling acid, the hydrogen atoms of the methyl group. 
are successively replaced by chlorine, we get mono-, di- and tri-chloro-' 
acetic acid and HCl. Bromine acts similarly. The process is accelerated 
by sunlight, or halogen carriers like P, S or I. 


Cl, Cl, [ol 
CH,COOH —> CH,CICOOH —> CHCI.COOH > CClLCOOH 
Acetic acid Monochloroacetic acid Dichloroacetic acid Trichloroacetic acid 


Acetic acid gives acetyl chloride with phosphorus pentachloride ; 
the -OH group is replaced by chlorine. 

CH,COOH + PCI, = CH,COC! + POCI, + HCI. 
Acetic acid Acetyl chloride 

With alcohols in presence of strong sulphuric acid, acetic acid 

forms alkyl acetates or esters which are sweet-smelling liquids. 
CH,COOH + HOCH, = CH.COOC:H, + H.0. 
Acetic acid Ethyl alcohol Ethyl acetate 

Passed over aluminium phosphate at 600°, acetic acid forms ketene 
(p. 186). CH,COOH —> CH,=CO+H,0. 

Uses. —Alkali acetates are diuretics in medicine; a solution of 
basic lead acetate is employed in fractures and burns. Acetic acid is 
used in dyeing and for making acetone, acetyl chloride, acetic anhydride, 
phenacetin, aspirin, etc. Aluminium and chromic acetates are mordants 
in dyeing ; aluminium acetate makes fabrics water-proof. Basic copper 
acctate is the pigment verdigris. Schweinfurter or Paris green, an 
insecticide, is a double salt of copper acetate and arsenite, 
Cu(CH, COO). BCu( AsO). Cellulose acetate forms acetate rayon. 
Acetic acid is employed for coagulating rubber from latex. Manganese 

t dryer ; lead tetraacetate, Pb(CH,COO),, is an important 


acetate is a paint dryer; 
oxidant. Vinegar 1s chiefly used for table purposes and for making 


white lead, sugar of lead, etc. 
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-56 India imported 25,421 cwt. of acetic acid valued at Rs. 20,18,979. 

A EES GURUS now made in India. Ethyl alcohol from molasses 
may be the main source. U.S.A. made 524 million lb. of acetic acid in 1955. 
Constitution.—(1) The molecular formula of acetic acid is C:H,O.. (2)It 

is mono-basic, sodium acetate is C:H,O.Na. Other three hydrogen atoms, not 
replaced by metals, are differently linked. (3) PCl, gives acetyl chloride, 
CH,OCl, and HCl, an -OH being replaced by chlorine (cf. action of PEt AON: 


1, p. 92). 
2 C,H,O(OH) + PCl, = C,H,OC! + POCI, + HCI. 
Acetic acid Acetyl chloride 


(4) Chlorine. substitutes three hydrogen atoms in acetic acid, giving 
trichloro-acetic acid, C.CL.O(OH), which forms a sodium salt with NaOH and a 
chloro-derivative with PCl;. The hydrogen of the hydroxyl group is, therefore, 
salt-formins. (5) Formation of acetic acid from methyl cyanide by hydrolysis 
Shows that the two carbon atoms are directly linked. 


CH.CN + 2H,O0 = CH,COOH + NH.. 
Methyl cyanide Acetic acid 5 
The three hydrogen atoms, replaceable by chlorine, are linked to the same 
carbon as sodium methide, CH,Na, when heated with CO,, yields sodium 
acetate, CH,.COONa. Acetic acid, therefore, is CH,.CO.OH. 
Tests.—(1) Neutral ferric chloride gives a deep red coloration with the 
Solution of a neutral acetate. On boiling, 


৫ a brown precipitate of basic ferric 
acetate is obtained. Acetic acid does not reduce mercuric chloride or ammo- 
niacal silver nitrate (cf. formic acid, p. 148). 


(2) Acetic acid or acetates, when heated with ethyl alcohol and strong 
H,SO,, produce ethyl acetate which has a pleasant odour. 


(3) On heating in a test-tube a little dry alkali acetate with a small quantity 

Of arsenious oxide, extremely nauseating odour of cacodyl oxide is produced. 

e fumes are highly poisonous. But other organic acids such as butyric acid 
also give this test. 


aig Heracetic acid, CH,.COOOH, is made by acetylating 90% H. 
1 


In Presence of 1% H.SO, at room temperature, or by thi A a ACCC 
0. > © autoxidati 
acetaldehyde at 0° in air (p. 127). ANON Of 


CH,COOH + H.0, <> CH,COOOH + H.0 
CH,CHO + 0, —> CH,COOOH 


It is a colourless toxic liquid (b.p. 110°), miscibl j 
(OK = BONARAcetoAacidN DRE A T3) as ILS With Water, Tt is. weaker 
SYHtheSes) fo Blea ি I (PK = 4:73) and is used 


te textiles at neutral PH and as ES ORES in organic 
Acidity of carboxylic compounds.—When a hydroge f 
water is replaced by an alkyl group, the TORLsAt OR ন) NM atom 0! 
resulting alcohol, ROH, falls to about 10-17 from MOSEL 0 
Grdinary temperature. Alcohols are weaker ‘acids’ tha ENE 
hydrogen of water be substituted by an acyl group, R. C0. NT IE the 
constant of the carboxylic compound, RCO.OH Le fl C € ionisation 
107. Carboxylic compounds are much stronger ‘a রি OO 
During ionisation, a proton gets detached from te S than water. 
an acid is a substance that can donate a Proton SEO Croll 
that can accept a proton) and the shar SE RE base is one 
Oxygen and hydrogen atoms of the OH roup remai Pair between the 
Electrophilic atoms or groups, attached to the 5 Ds with the oxygen. 
have a tendency to attract electrons from the Jgen of OH group, 
fore, facilitate the separation of the proton NES 5. they, there- 
groups, on the other hand, tend t ‘ NUcleophilic atoms or 


0 Tepel electrons towards the oxygen 
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of OH group ; the proton is consequently more firmly bound to oxy 

It will, therefore, have a lesser tendency to leave the oxygen. Ni I 
alcohols, the electron-repelling alkyl group helps eran ULE Re Ne in 
of the OH group to the oxygen; the result is a smaller He he 


f i 7 = 
electron attracting acyl group, ত in carboxylic compounds 


helps the escape of a proton from the OH group (the ox 
of the CO group having a greater nuclear hie, ne EGE 


away from the carbon, making it deficient in electrons). The result 


is a greater ionisation. 
A carboxylic acid ionises in water, a proton-accepting solvent, as 
Roos + HO 22> R—C—O" + H,O+ 
| 
(0) [0) 
and the residual carboxylate ion stabilises itself by resonance (p. 106): 
(0) 0) 
RCL <> REC 
[0) (0) 
The re-combination of the proton and the carboxylate ion i 
ion is mad 
more difficult. The normal state of the carboxyl ECAP is an inter 


ৰ 70H 
and RCL with a 


mediate between RCC 


artial positive charge on the oxygen of the OH group a 5 
Eat charge on the oxygen of the CO CrOUD' Li রঃ 
why the doubly-linked oxygen atom of the carboxyl group does not 
exhibit normal ketonic properties such as reacting with HCN, phenyl- 
hydrazine, etc. X-ray analysis shows that in acetic acid, the EE 
atom of the carboxyl group lies midway between the two oxygen 
atoms. The replacement of hydrogen of CH, group in acetic ab 
chlorine increases the acidity of chloroacetic acid (p. 102) due to Re 
inductive effect of the electrophilic chlorine atom; a similar effect is 
produced by the substitution, of the CH, group in acetic acid by 
hydrogen, ormic acid is considerably stronger than acetic acid. The 
length of rbon chain in an alkyl group has, however, little 
effect on th gt of a fatty acid ; thus the dissociation constant, k, 
of caprylic acid, Cs 1 COOH, is 145 x 107° while that of propionic 
acid, CH: GOOH if AGneOn Vicinal allyl eTonps GN PS 
2% aliphatic acids, €.8, trimethylacetic acid, (CH),C.COOH, 

(k= 0°92 x 107°) is weaker than acetic acid, CH,.COOH, (lk = 186 x 10-5). 
of an acid is sometimes more convenient] j 

Pk alu SS the negative logarithm of its Lon TR Ae 
5) k value for acetic acid (k = 186X107) is =(—5 + 0°27) 2 

pk value, the stronger the acid. or 
Propionic acid, CH,.CH..COOH, occurs in. small amounts in 
pyroligneous and in the sweat of rheumatic patients. It was 
obtained as 2 by-product in the extraction of potash from kelp by 
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fermentation during the first world war. Oxidation of 1 
with dichromate mixture gives propionic acid: 
CH.CH.CH.OH + 20 = CH,.CH,COOH + HO. 
#-Propyl alcohol Propionic acid 
Ethylene, carbon monoxide and 
Pressure to form propionic acid (‘ox0’ 
cyanide also produces Propionic acid: 
CH..CH.CN + 2H,0 = CH,CH.COOH + NH.. 
Ethyl cyanide Propionic acid z 
Propionic acid is a liquid (b.p. 141°) with a pungent smell, 
Tesembling acetic acid. It mixes with water, ethanol and ether in all 
Proportions but with solid calcium chloride or other salts, it can be 
‘salted out’ as an oily layer from its aqueous solution, whence its name 
Which means ‘first fat’ Tt is not, however, found in fats. Propionates 
are soluble in water; calcium propionate is added to bread dough to 
delay mould formation. 
Butyric acids, CJH,.COOH.—Isomerism first occurs with fatty acids 


containing four atoms of carbon, and two butyric acids are known— 
normal and iso-. 


-propyl alcohol 


water combine directly under 
Process). Hydrolysis of ethyl 


Normai butyric acid, CH,CH,CH,COOH.—Butter contains 2-5% 
of glyceride of n-butyric acid. The disagreeable smell of rancid butter 
1s due to the free acid. It occurs free in perspiration, the juice of 
muscles and some fats and oils. The acid may be obtained by the 


feneral methods on page 155. But it is usually made by fermenting 


8 
Sugars or starch with Bacillus butylicus present in sour milk or decaying 


cheese (butyric fermentation). Starch is hydrolysed to glucose which is 
fermented to lactic acid. The latter finally yields butyric acid, carbon 
dioxide and hydrogen. During fermentation, chalk is added to 
neutralise the acid formed, as in Strongly acid media, the ferment 


becomes inactive. The temperature is Kept at 85°-40°. Calcium butyrate 
formed is decom 


FEES, Posed by hydrochloric acid and the free acid obtained 
by distillation. | 
GEO: —>2C,H,0, —> CH,CH.CH,COOH + 200, + 2H, 
Glucose Lactic acid n-Butyric acid 
Butyric acid is a thick, sour lauid 162°) with the smell of 
rancid butter or stale (bp: ) 


s © Perspiration. It is miscible with water, and can 
be obtained as an oil fr 


0 a Om aqueous solution, like propionic acid, with 
calcium chloride. "The acid is Volatile in steam. Ethyl butyrate, having 
the odour of pine-apple, is an essence. ‘The acid is used in tanning for 
removing lime from leather. Calcium butyrate is less soluble in hot 
Water than in cold ; this helps its separation and identification. 

Isobutyric acid, (CH,).CHC 
smelling esters in some plants. 
isobutyl alcohol: 


(CH;),.CHCH,.OH + 20 = 
Isobutyl alcohol 


OOH, occurs free and as sweet- 
It is prepared by the oxidation of 


(CH.).CHCOOH + H.O. 
Isobutyric acid 
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Isobutyric acid (b.p. 154°) resembles the normal isomer closely, 
Ut is more easily oxidised. It is slightly soluble in water, and unlike 
the normal butyrate of calcium, the iso-salt is more SS in hot 
water than in the cold. Kk 

Valeric acids, C;H,,0:, four in number, ‘are all known, 7 i j 

: , n-val 

CH,CH.CH.CH.COOH, (b.p. 187°) occurs in pyroligneous aE 5) 
be made by oxidising n-primary amyl alcohol. This and isovaleric acid 
(CH,).CH.CH.COOH, (b.p. 175°) occur in valerian root. Isovaleric acid may 
be obtained by oxidising iso-amyl alcohol. Ammonium valerate is a sedative. 

Higher fatty acids.—Of these, the normal acids with an even num- 
ber of carbon atoms occur in nature as esters with lower alcohols in the 
ethereal oils of plants; as glycerides in fats and oils, and as esters of 
higher monohydric primary alcohols in waxes. Starting with butyric 
acid, practically all the higher members can be obtained, in more or less 
pure state, by the hydrolysis of fats or oils. No oil or fat is a single 
glyceride—it is, as a rule, a mixture. Different fats usually contain 
glycerides of different acids, but those of palmitic acid, C,,H,,0,, 


‘ stearic (Greek stear tallow) acid, C,sHj,,0,, and oleic acid, CHO, 


occur in most of them. Butter fat contains glyceride of butyric acid ; 
goat's fat, glycerides of caproic, caprylic and capric acids. Glyceride of 
stearic acid or ‘stearin’ predominates in beef and mutton tallow; that 
of palmitic acid is the main constituent of palm oil, while olive oil 
chiefly consists of the glyceride of the unsaturated oleic acid. All these 
acids have straight carbon chains. The saturated acids are waxy solids 
while the unsaturated ones are usually liquids. Free solid acids, e.g., 
stearic acid, are used in candle manufacture. During the last war the 
Germans converted the hydrocarbons obtained by Fischer-Tropsch 
process into higher fatty acids (containing both odd and even number 
of carbon atoms) by catalytic oxidation. These were made into soap 
and also margarine (after being converted into glycerides). Sodium or 

otassium salts of higher fatty acids are soaps. Beeswax, spermaceti, 
etc. are palmitic esters of higher alcohols such as cetyl alcohol, 
C,Hs.OH. 

Higher fatty acids with an odd number of carbon atoms seldom 
occur in natural fats and oils. They can be obtained from acids with 
an even number of carbon atoms by converting them into ketones and 
oxidising the latter. In properties, higher fatty acids resemble acetic 
acid but they are less reactive. Zinc stearate, a bulky powder, is used 
as a mild antiseptic in ointments and dusting powders. Sodium, stearate 
is largely employed in ‘hardening’ glycerine for suppositories, in vanish- 
ing face creams, and shaving creams. Copper soaps are excellent 
fungicides. 

General methods of preparation.—(1) By the oxidation of primary 
alcohols with air in presence of a catalyst e.g., platinum, or with 
chromic acid, and in some cases with micro-organisms (cf., preparation 
of acetic and butyric acids): i 

R.CH.OH + 0, = R.COOH + H.0. 

(2) Aldehydes and ketones yield, on oxidation, mono-carboxylic 

acids. Ketones give acids with a fewer carbon atoms (p. 187). 
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R.CHO + O = R.COOH. R.CO.CH, +20, = R.COOH + CO, + H.0. 
(8) Alkyl cyanides form acids on hydrolysis with acids or alkalis: 
R.CN + 2H,0 + HCl = R.COOH + NH,CI. 
R.CN + H.O + KOH = R.COOK SNH 
(4) Higher fatty acids are obtained by the hydrolysis of oils and 


fats with mineral acids or alkalis. Alkaline hydrolysis is done in 
making soaps and is known as saponification. 


R.COOCH, CH.OH 
| | 
R.COOCH + 3NaOH = CHOH + SNE. 
| ap 
R.COOCH, CH.OH 
Glyceride Glycerine 


(5) When a dicarboxylic acid, having two -COOH groups attached 

to the same carbon, is heated strongly, a monocarboxylic acid is formed. 
hus malonic acid Bives acetic acid and carbon dioxide ; oxalic acid 
behaves similarly: 


HOOC.CH.ICOO|H = CH,COOH + CO.. 


Malonic acid Acetic acid 
HOOC—COOH = HCOOH + leo 
Oxalic acid Formic acid 


(6) Sodium alkyls react with carbon dioxide yielding sodium salts 


0 monocarboxylic acids ; metal alkyls are, however, difficult to prepare 
and also Very unstable. 


CH,CH,.Na + CO, = CH,CH,COONa. 
Sodium ethyl Sodium propionate 
(7) By Passing carbon dioxide into magnesium alkyl halide 
(Orignard . compound) in ether at low temperature and treating the 
Product with dilute hydrochloric acid, carboxylic acids are obtained: 


(8) Carbon monoxide uv 


alkoxides SL onE sodiu 
catalysts, al 


RONa + CO = RCOONa. ROH + CO = RCOOH. 


(9) Trichloroparaffins, With all the, chlorine atoms linked to the 


2 bo on hydrolysis, yield fatty acids. Chloroform gives formic 


ally for conversion into soap. 


General properties —Lower members of the series are Corrosive 


liquids with a PUnEEDt Smell and son taste, They are miscible with 
water in all proportions and distil Without decomposition. They turn 
litmus red, rea ly liberate carbon dioxide from carbonates arid are 
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volatile in steam. The middle members (C,—C,) possess a rancid 
smell, are oily liquids and immiscible with water. The higher members 
beginning with C,, are colourless solids without odour, resembling 
paraffin wax in appearance. They are insoluble in water, and can be 
distilled only under diminished pressure. They hardly affect litmus, 
their dissociation constants being very small. 


Fatty acids are practically colourless and readily soluble in alcohol 
or ether. They are reduced to primary alcohols by lithium aluminium 
hydride and to paraffins on heating with hydrogen under pressure to 
a high temperature in presence of nickel. All except formic acid are 
stable towards oxidising agents. As in a homologous series, there is a 

adation of properties as the molecular weight increases. Thus 
solubility in water, and sp. gr. decrease as we go higher up in the 
series. The boiling point rises for each -CH,- group by about 19° in 
the case of normal acids. But generally normal acids, with odd number 
of carbon atoms, have a lower m.p. than the preceding normal member 
with an even number. ‘The C-atoms of a n-fatty acid chain form a zig- 
zag arrangement as shown by X-ray diffraction ; the -COOH and CH,- 
at the ends in odd carbon acids lie on the same side whereas those in 
even carbon acids are on opposite sides. The latter makes a more stable 
crystal lattice resulting in a higher m.p. The low volatility of lower 
members is due to association through hydrogen bonding (cf. alcohols, 
Pp. 94). Cs to C;, fatty acids possess insecticidal toxicity, hence the use 
of soaps as“insecticide. 


The Fatty acids, CoH.n0.. 


Name Formula m.D. b.p. Sp. gr. k x10 

°C C EEE BS 
Formic HCOOH 8'3 100°5 1°213 214 
Acetic CH,COOH 16'5 118'1 1044 18 
n-Propionic  C:H.COOH  —22 141 "988 14 
n-Butyric CH.COOH  — 55 162 954 15 
n-Valeric C,H,COOH —34'5 186 "940 16 
n-Caproic GIHLCOOH  —353 Zo 924 14 
n-Heptylic C;H,,COOH  —I10'5 223 920 pt 
n-Caprylic C;H;.COOH —16:5 236 ‘906 - WY 
n-Nonylic C,H,,COOH 12:5 254 "905 2 
n-Capric C,H,,COOH 31 269 886 লা 
n-Lauric C;,H.,.COOH 43 180 (16 mm.) "858 = 
Palmitic C,,H.,COOH 62 268 (100 mm.) 848 ডা 
Stearic C;;H,:.COOH 694 287 ন ‘840 x Be 


Reactions. —(1) The fatty acids form salts with carbonates, bi- 
carbonates or hydroxides, which are not appreciably hydrolysed by 


ter. 
be RCOOH + NaOH = RCOONa + H.0. 
(2) The acids have a strong tendency to associate, often to a dimer. 
They, therefore, form acid salts, such as acid sodium acetate. 


2RCOOH + NaOH = RCO.O(H(RCOO)Nsa + H.0. 
Acid salt 
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(8) Metals such as zinc replace the hydrogen of the carboxyl group 
(especially in the lower members): 


2CH,COOH + Zn = (CH,.COO).Zn + H.. 
Acetic acid Zinc acetate 
(4) On heating fatty acids with alcohols in Presence of dehydrating 
agents, esters are tormed (vide Chapter XV). 
R.CO|OH + HJOR’ =—— RCOOR’ + H.0 
Acid Alcohol Ester 
(5) Fatty acids yield acid chlorides, RCOCI, with Phosphorus penta- 
chloride or thionyl chloride, chlorine replacing the -OH group. Formic 
acid gives CO and HCl. 
R.COOH + PCI, = R.COCI + HCI + POCI,. 
HCOOH + PCI, —> CO + 2HC! + POCI, 
(6) Strong dehydrating agents such as Phosphorus pentoxide 
extract one molecule of water from two molecules of acid (cf., forma- 
tion of ethers, P- 118); acid anhydrides are thus formed: 


2RCOOH + P.O; —> (RCO).O +H,0 
Acid anhydride 


(7) The carboxyl group is difficult to reduce. Hydrogen under 
high pressure in presence of nickel or copper at about 400°, or 
Phosphorus with hydriodic acid, reduces fatty acids to alcohols and 
sometimes to paraffins. They are, however, readily and quantitatively 
reduced to alcohols by lithium-aluminium hydride, LiAIH,, in ether 
Solution. Esters are easily reduced to alcohols with sodium and 
alcohol. 


RCOOEt + 2H, = RCH.OH + EtOH. (Et = C,H.) 


(8) Their alkali salts in aqueous solution, on electrolysis, give 
paraffins (cf., formation of ethane from alkali acetate, p. 44). Alkane 
and CO, go to the anode. 

RI/COO Na R 
RICOO Na + 2H,0 = LL + 2C0; + H, + 2NaOH. 


(9) Alkali salts of fatty acids, on dry distillation with soda-lime, 
yield paraffins, RH, (P. 49): . 
RCOONa + NaOH = RH + Na.CO.. 

(10) By the dry distillation of calcium salt of fatty acids (except 
formic acid), ketones are obtained (p- 185). By taking two different 
calcium salts, mixed ketones can be prepared together with simple 
Ketones. Ketones also result when vapour of a fatty acid is passed 
over thoria or manganous oxide at 400-450°. 

১ (CH,COO).Ca = CH,COCH, + CaCo.. 
Calcium acetate Acetone 
2RCOOH —> RCOR + CO. + H,0 

(1) By heating the calcium salt of an acid with calcium formate, 
both dry, aldehydes are produced (p. 182). 

(CHCOO).Ca + (HCOO).Ca = 2CH.CHO + 2CaCO.. 


Calciumacetate  Qalcium formate Acctaldebyde 
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(12) Ammonium salts of fatt i i 
i 2 y acids, on distillati F) 
amides—the -OH group of the acid being RE SR yield acid 
group. Dissociation into the acid and NH, also ols LER 
CH,COONH, =— CH,CONH, + H.0 } 
Ammonium acetate Acetamide y 
(18) Under the influence of sunlight and hea 
K t and i 
of catalysts, chlorine or bromine attacks the alkyl EN 5 IES 
producing halogen-substituted acids. The hydrogen attach 0 Ne 
a-carbon (i.e., next to the carboxyl) is thus replaced. UE 
CH.CH.COOH + Cl. = CH,CHCICOOH + HCI 
Propionic acid a-Chloropropionic acid 
fatty acids are oxidised at the iti j 
: [ ids are ‘ প -po. = 
betic patients can convert butyric acid into RE 
not further. In vitro, 8% HO; effects this change. it 
CH,CH,CH.COOH + 0 ——> CH,CHOHCH,.COOH 
Butyric acid B-Hydroxy-butyric acid 
Silver salts of fatty acids react with Br, or I, in dry CCl, to 
ad 4 


(14) In our system, 


(15) 
give alkyl. bromide or iodide: 
RCOOAs + Br. = RBr + CO, + AgBr. 


QUESTIONS 


ic acid prepared in the laboratory as 
tant reactions and tests. B.Sc., 1941 AES En ee 


methods for the manufacture of acetic acid? 


1. How is formi 
scale? Give its impor! 
2. What are the usual 


Establish its structural formula. 
3. What substances can be obtained from calcium salts of fatty acids? 


Give equations. 
4. How may a sample of 


(b) oxalic acid? 
5. Justify: “Formic acid is not a typical fatty acid.” 


6. Starting from ethyl alcohol, how can you prepare a sample of pro- 


pure formic acid be obtained from (a) CO, 


pionic acid? 

7. Give a method for separating the following from a mixture— 
alcohol, acetone and acetic acid. methyl 

8. Indicate two Processes by which acetic acid is manufactured.  Start- 
ing from acetic acid, how would you prepare trichloro-acetic acid, 5 
ald acetic anhydride ? (Dacca Uni. B.Sc., Pass, 1933). acetyl chloride 

9. Name the sources of formic acid. How is the anhydrous acid i 
pared? In what way is the acid related to HCN? Give reasons tg ye 
answer. (Cal. Uni. B.Sc., Pass, 1931). 

starting from methane, you may prepare acetic acid. 


10. Indicate how, 


(Cal. Uni. B.Sc., Pass, 
ic acid manufactured by fermentation? How would you 


11. How is acet L 1 } 
obtain a sample of pure glacial acetic acid ? State its properties and uses. 
(Cal. Uni. B.Sc., Pass, 1938). : 

. How is glacial acetic acid manufactured ? Describe a meth 
Sa you can concentrate dilute acetic acid to the anhydrous state. a by 
and B.Sc. Degree Examination, 1935, Andhra University.) i 


CHAPTER XIV 
THE DERIVATIVES OF FATTY ACIDS—I. 


ACID CHLORIDES, ACID ANHYDRIDES AND ACID AMIDES 


Different derivatives are formed from fatty acids by replacing the 
hydrogen or the hydroxyl of the carboxyl group or the hydrogen of 
the alkyl group by different groups or atoms, e.g., CH,COOEt, 
CH,COCl, CH,CICOOH, CH,(CN).COOH, etc. ‘The derivatives 
obtained by substitution in the carboxyl group are apparently similar 
to those from monohydric alcohols; in these, the monovalent R.CO-, 
called acyl group, remains intact. (CH,CO- is acetyl, CH,CH,CO- 
Propionyl and so on). 


CH,CH,OH Ethyl alcohol CH,CO.OH Acetic acid 
CH,CH,ONa Sodium ethylate CH,COONa Sodium acetate 
CH,CH,Cl Ethyl chloride CH,.CO.CI1 Acetyl chloride 
CHCHA k CH,COS 

20 Diethyl ether O Acetic anhydride 
CH,CH, CH,CO/ 
CH,CH,NH, Ethylamine CH,CONH,  Acetamide 


Acid chlorides, R.COCI.—If the -OH ofthe carboxyl group of an 
acid be replaced by chlorine, we get an acyl Por acid chloride, R.CO.CL. 
This is done with phosphorus tri- or penta-chloride, thionyl chloride, 
SOCL, or sulphuryl chloride, SO,Cl,. 

3RCOOH + PCl, = 3RCOCI + H,PO.. 
RCOOH + PCI, = RCOCI + POCI, + HCI. 
RCOOH + SOCI, = RCOC! + SO, + HCl. 
2RCOOH + SO,Cl, = 2RCOCI + H.SO.. 
b Salts of acids react similarly and being cheaper, are employed 
industrially for making acid chlorides. A side-reaction between the 
acid and acid chloride gives some acid anhydride: 


CH,COICI “+ HIOOCCH, > CH,CO.0.0CCH, + HCI 
Acetyl chloride — Acetic acid Acetic anhydride 
Heated under pressure with copper catalyst, an alkyl halide and carbon 
monoxide form acid chloride: CHE C0 CH.COC. It is not yet an 
industrial process. Thionyl chloride (b.p. 79°) gives a higher yield and is more 
convenient, as both SO, and HCl, being gases, are ‘readily Temoved, Acid 
chlorides are technically made with thionyl chloride or sulphuryl chloride. 


The acid 5) Are named after the parent acids by changing 
the ending ic to yl; e.g., CH,COC!L is acetyl chloride; CH,CH,COCi 
Propionyl chloride, and so on. The IL. U. C. (International Union of 


Chemisiry in 1422 at Geneva) system names th. thanoyl a 
butanoyl chloride. A sit) ELE SEO 


There are inorganic acid chlorides also. For example, 
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OH cl OH Cl 
OGL 0 OLE => O= 
oH \ca \oH 
Carbonic acid Carbonyl chloride Sulphurous acid Thionyl chloride 


Formyl chloride, HCOCI, obtained from chlorine and formal- 
dehyde at —80°, is too unstable to exist at ordinary temperature. The 
most important is acetyl chloride, CH,COCI. 


Preparation of acetyl chloride.—40 c.c. of glacial (anhydrous) acetic acid 
are taken in a distilling flask fitted with a tap-funnel, a condenser and a receiver. 
The latter is joined to a tower of soda-lime to absorb the hydrochloric acid, 
and also to guard against in-coming moisture which decomposes acetyl chloride 
(Fig. 32). 25 c.c. of PCI, are slowly added from the tap-funnel. The flask is 
gently warmed on water-bath to about 50°, practically all the HCl escapes. 
‘The temperature is raised, acetyl chloride distils at 55° leaving behind the non- 
volatile phosphorous acid. It is purified by re-distillation. 


3CH,COOH + PCI, = 3CH,COC! + H,PO.. 


Fig. 32. Preparation of acetyl chloride. 


A convenient laboratory method is to heat benzoyl chloride and 
acetic acid, the more volatile acetyl chloride distils off first ; or to treat 
acetic anhydride with HCl at 85-90°. 

C.H,COCL+ CH,.COOH —> C.H.COOH + CH,COCI 
Benzoyl chloride Acetic acid Benzoic acid Acetyl chloride 


Commercially, it is made from sodium acetate and a mixture of 
sulphur dioxide and chlorine. 


CH,COONa + SO;Cl, = CH,COC! + SO, + Nacl. 
Sulphury!l chloride Acetyl chloride 


Properties.—Acetyl chloride and other lower acid chlorides are 
colourless, fuming liquids ; the higher members are crystalline. They 
have an irritating odour, burn the skin and are readily decomposed 
by water. As a rule, they boil at a much lower temperature than the 
arent acids as they cannot associate by hydrogen bonding. They are 
readily halogenated in the «-position. The chlorine is highly reactive 
due to the inductive effect of doubly-linked oxygen (cf. much less active 
alkyl chlorides, R.CH,.Cl) which produces a lower electron density on 


11 
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the carbon of the CO group, RCO, and facilitates reactions with 
nucleophilic agents. Cl 


Reactions.—(1) Water rapidly decomposes acetyl chloride to acetic 
acid at room temperature: 


CH.COIC! + HOH = CH,COOH + HCI. 

1 Acetyl chloride Acetic acid 

(2) Alcohols react with it to produce esters. 
reacts with all hydroxy-compounds: 


CH,COICL + H|OC.H; = CH,COOC,H, + HCI 
Acetyl chloride Alcohol Ethyl acetate 


-0.CO.CH, is called acetoxyl group, and the process acetylation. Acetyl 
chloride is used for the detection and estimation of -OH group in organic 
compounds. The dry hydroxy-compound is heated under reflux with excess 
acetyl chloride for some time. Pyridine (a base) is often added to fix up the 
HCI formed. A known weight of the purified derivative is decomposed with 
fairly Strong H,SO,. The acetic acid liberated is distilled with steam and 
titrated with alkali. The number of -OH groups in the original compound 
can be found if its mol. wt. is known. For each -OH group, one molecule 
Of acetic acid is obtained. The acetyl value may also be obtained by boiling 
under reflux a known weight of the ester with a known excess of alcoholic 
Potash until hydrolysis is complete. The excess alkali is then titrated. 


In fact, acetyl chloride 


(8) With sufficient strong ammonia, acetyl chloride gives 
acetamide, chlorine being replaced by an amido group: 


CH,COCI! + H-NH; + NH, = CH,CONH, + NH,Cl. 
Acetyl chloride Acetamide 


(4) Similarly, Primary and secondary amines (alkyl derivatives of 


ammonia) react with acetyl chloride to give substituted acid amides. 


The number of amino, -NH,, or imino, >NH, groups in a compound 
may be found in the same w. 


ay as -OH groups. 


CH,COC] + RNH., = CH,.CONHR.+ HCI. 
ine 


(5) Acetyl chloride, heated with fused sodium acetate, gives acetic 
anhydride. 


CH.COC! + Na00C.C 


Acetyl chloride HL = CHCO.0.0CCH, + Nat. 


Sodium acetate Acetic avhyuride 


Cc thus indirectly obtained from acids, direct 


¢ iflicult. Lithium aluminium hydride in ether 
solution reduces an acyl halide to alcohol. 


CH..COC! + 2H = CH,.CHO + HC! 
Acetyl chloride AEA de ) 


4RCOCI! + 2LiAIH, + 4HCI = 4RCH.OH + 2LiAICL. 
(7) 


Acetyl chloride reacts on heating with ether in presence. 
of 
anhydrous ZnCl, and forms ethyl eee an ethyl chloride: 
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CH,COICL + C,H.|O.C,H, = CH,CO.O.C.H, + C,H,Cl. 
Ether Ethyl acetate Ethyl chloride 
(8) Acetyl chloride reacts with potassium cyanide to give acetyl 
cyanide which, on hydrolysis, yields pyruvic acid: 
KCN 


HO 
CH,COCl —> CH,CO.CN _> CH,CO.cooH 
Acetyl chloride Acetyl cyanide Pyruvic acid 


(9) Acid chlorides and carboxylic acids react to exchange their” 
alkyl groups: 


RCOCI! + R‘COOH £—> RCOOH + R’COCI 


Acid bromides or iodides may be obtained from acid chlorides with excess 
of anhydrous HBr or HI. They closely resemble the acid chlorides, but boil 
ata higher temperature than the corresponding acid chlorides. They are more 
costly but no better than acid chlorides. 


RCOC! + HBr =— RCOBr + HCl 


Acid anhydrides. —The anhydrides of monobasic organic acids 
may be regarded as derived from two molecules of the acid by the 
elimination of one molecule of water. 

RCOOH + RCOOH = RCO-0-OCR + H.0. 
Acid Acid anhydride 

‘This is analogous to the formation of ethers from monohydric 
alcohols (p. 118). They may be called acyl oxides as ethers are 
regarded as alkyl oxides. They derive their names from the parent 
acid or acids by replacing ‘acid’ with ‘anhydride.’ The lower an- 
hydrides cannot ordinarily be obtained from acids by abstraction of 
water with dehydrating agents like P,O;. They are commonly prepared 
by heating the acid chloride with sodium salt of the acid: 


CH.COICI + NalO.CO.CH, = CH..CO.0.CO.CH, + NaCl. 
Acetyl chloriuae Sodium acetate Acetic anhydride 


By taking the sodium salt of one acid and the acid chloride of 
another, we get a mixed anhydride (cf., mixed ethers, p. 118) which 
are not quite stable: RCOCI + R,COONa = RCO.O.COR, 4- NaCl. 
On standing, simple anhydrides result by interaction of two molecules. 
The acid chloride may be replaced by POCI, or SOCl, which acts on 
the fatty acid salt to give the acid chloride: 


4CH,COONa + POCI, = 2(CH.CO0).O + NaPO,; + 3Nacl. 


Anhydrides of higher fatty acids are made by. heating the sodium 
salt of the acid with acetic anhydride, or by dist'ling the anhydrous 
acid with dehydrating agents such as phosphorus pentoxide or acetic 
anhydride. 

2RCOONa + (CH,CO).0 = RCO.O.OCR + 2CH,COONa. 

Formic anhydride does not exist; a mixed anhydride of formic 
and acetic acid, HCO.O.COCH;,, made from formic acid and acetic 
anhydride, is however, known. 

Preparation of acetic anhydride.—50 £. of powdered, fused sodium acetate 


taken in a flask fitted with'a separating funnel, a condenser and a receiver. 
br a of- acetyl chloride are slowly added, while the flask is kept cool with 
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water. When all the acetyl chloride has been added, the contents are thoroughly 
shaken and distilled. Acetic anhydride distils between 135°-140°. Instead of 
acetyl chloride, cheaper POCI, or SOCI, may be employed. A small filtering 
flask is used as receiver, its side-tube being connected to a calcium chloride 


tube to arrest moisture. Y 
Acetic anhydride is manufactured by mixing sodium acetate with 
sulphur dichloride, SCl,, and passing chlorine at 15°-20°. The 
anhydride is obtained by distillation. 
$CH.COON:a + SCI, + 2Cl, = 4ACH,CO).0 4- 6NaC!l + Na:SO.. 
Acetic anhydride 
(2) U.S.A. makes it by passing acetylene at 60-85° into acetic acid 
containing HgSO,, ethylidene acetate formed is decomposed by heat 
in presence of ZnCl, catalyst or H.SO, into acetaldehyde and’ acetic 
anhydride which are separated by distillation. 
HC= CH + 2CH,.COOH > CH,CH(OOC.CH,), —> CH,CHO + (CH,CO).0 
A cetylene Acetic acid Einylidene acetate Acetaldchyde Acetic anhydride 
(8) Acetic anhydride may -be prepared by passing glacial acetic 
acid vapour over zinc oxide or barium oxide at 250-800°." 


2CH,COOH = CH,CO.0.0CCH, + H.0. Y 
ao It is also made by passing ketene (p. 186) into glacial acetic 
acid. 


CH,=CO + CH,COOH = CH,CO.0.O0CCH.. 


Properties. —Acetic anhydride is a colourless, neutral liquid 
(b.p. 187°) with a pungent odour resembling that of acetic acid, and 
has a density 1082 at 20°. The anhydride is slightly soluble in cold 
Water which slowly decomposes it to acetic acid. ‘The aqueous solution 
May serve for acetylation. It is used for the detection and estimation 
of hydroxy] groups in organic compounds. Anhydrous sodium acetate, 
Zinc chloride or strong H,SO, accelerates acetylation. Ordinarily, 
tertiary alcohols are not thus acetylated ; they can, therefore, be distin- 
Buished from the Primary and the secondary. Acetic anhydride reacts 


With ammonia and h si 
Kk JYdroxy-compounds in the same way as acetyl 
chloride, but less ener ! 


getically. 
(CH.CO).0 + HNH, + NH, = CH,CONH, + CH,.COONH.. 
Ammonia Acetamide Ammon. acetate 


(CH,CO).0 + HOH = 2CH,COOH. 
Acetic acid 
(CH.CO).0 + Hoc.H, = CH,.COOH + CH,COOC.H.. 
Ethyl alcohol Ethyl acetate 
Acetic EE (or acetyl chloride) and alkaline HO, form acetyl 
peroxide which decomposes to five free acetate and methyl radicals. 
Acetyl peroxide is a powerful oxidant. 


2(CH.CO).0 + H.0, = CH,Co.0.0.CO.CH, + 2CH,COOH. 
Acetyl peroxide 
CHCO.0.0.CO.CH, _> 21CH,C00] —> 2[CH,] + CO, 


Acetic anhydride is largely used for makin 
dyes and pharmaceuticals, e.g., 
resemble acetic anhydride. Th 


2 & acetate rayon, some 
aspirin. Other fatty acid anhydrides 
€ lower ones are more reactive. The 
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higher members are odourless solids. Their boiling points are higher, 
but melting points lower, than those of the corresponding acids. Acid 
anhydrides are reduced to alcohols by LiAIH, in ether solution. 


Acid amides.—If the hydrogen of ammonia be replaced by alkyl 
radicals, the products, RNH,, etc., are called alkyl anunes; but if 
substituted by acyl radicals, we get acid amides. These are primary, 
secondary or tertiary according as one, two or three hydrogen atoms 
of ammonia are replaced by acyl groups. Primary acid amides are the 
most important. 

NH, = CH,CONH. —> _(CH,CO),.১NH _> _(CH,CO),.N 
Ammonia Primary amide Secondary amide Tertiary amide 
Amides may also be regarded as acids the -OH of which has been 

replaced by an amino group: RCOOH —> RCONH,. When NH, 
replaces -OH ina -COOH, it is called an amido group. The amides 
are named by replacing ic acid of the parent acid by amide, e.g., 
formamide, HCONH.. # 

Formamide, HCONH,, is prepared by heating ammonium for- 
mate, HCOONH,, in an atmosphere of ammonia. 

HCOONH:, = HCONH, + H.0. 

It is a hygroscopic, unstable liquid (b.p. 200°) readily soluble in 
water and alcohol. Formamide splits up into CO and NH, at its b.p. 
unlike other acid amides And is hydrolysed more easily. It is an ionising 
solvent like water or liquid ammonia, and has a high dielectric constant 
of 84. Formamide dissolves many organic compounds. HCN is made 
by dehydrating HCONH,. 

Acetamide, CH,.CONH,, is conveniently made by slowly distill- 
ing ammonium acetate. Itis a case of partial dehydration. 

CH,CO.ONH, €£> CH,CO.NH, + HO 
- Ammonium acetate Acetamide 

Preparation.—50 g. of ammonium acetate and 50 c.c. of glacial acetic 
acid are taken in a 250 c.c. round-bottomed flask, fitted with a long, upright 
glass tube. The mixture is gently boiled for about 4 hours. The water 
formed escapes and the reaction goes to completion. The contents are trans- 
ferred, while still warm, to a distilling flask carrying a thermometer and an 
air condenser. The receiver is changed at 215°. The distillate solidifies to a 


colourless, crystalline. mass. It is almost pure acetamide and may be further 
purified by recrystallisation from alcohol or benzene. Acetic acid retards the 


side-reaction: 
CH,COONH, <=> CH.COOH + NH, 


Properties.—Acetamide is a colourless, crystalline solid (m.p. 82°, 
b.p. 220°), highly soluble in water, alcohol or ether. Due to impurities, 
it has an odour of mice, but the product recrystallised from acetone 
is odourless. The amide is believed to be a dimer to account for 
its high b.p. The aqueous solution is neutral to litmus. The amino 

oup has argely lost its basic character due to the proximity of the 
electron-attracting carbonyl group (cf., CH,CH,.OH which is neutral, 
giving acetic acid, CH,.CO.OH, Pp. 152). Acetamide is amphoteric 
(KA = 88 x 10-6; Ks = 81 x 10-5); it forms unstable salts with strong 


acids, e.g. acetamide hydrochloride, CH,CONH,.HC], and also gives 
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mercury acetamide, Hg(NH.CO.CH,),, with HgO. It is a good solvent 
for many organic compounds. 


The replacement of a hydrogen atom of NH, by an acyl group, RCO-, 
which is electrophilic, reduces the capacity of nitrogen of the resulting amide 
to share its lone electron pair. Unlike ammonia, NH,, or amines, RNH,, 
amides, RCONH,, do not form salts that are stable in water. If two hydrogen 
atoms of NH, be replaced by acyl groups, their electron attracting effect is 
quite sufficient to allow the escape of the remaining hydrogen atom of the 
Secondary amide as proton to strong bases in aqueous solution, e.g., 


(RCO).NH + NaOH —> [(RCO).N7JNa+ + HO 


Reactions.—(1) On boiling with dilute acids or alkalis, acetamide 
cadily hydrolysed ; alkalis are much more effective. 


CH,CONH, + H.0 + HC! = CH,COOH + NH.CI. 
CH,.CONH, + NaOH = CH,COONa + NH.. 


is r 


(2) Nitrous acid converts it to acetic acid, nitrogen being liberated 
(cf., action of HNO, on primary amines) 


CH,CON|H, + OINOH = CH,COOH + N; + H.0. 


(8) On distilling amides with dehydrating agents e.g, POs, alkyl 
cyanides are obtained: 


PO 
CH,CONH, —>" CH,CN + H,0 Fe 
Methyl cyanide or acetonitrile 
(4) Sodium and ethanol, or LiAIH, reduces amides to amines: 


CH.CONH, + 4H —> CH.CH.NH, + H.0 
Acetamide Ethylamine 
(5) Bromine acts on acetamide to vield acctobromamide. 
CH,CONH, + Br, = CH,.CONHBr + HBr 
Acetamide Acetobromamide 
I Presence of KOH, bromine converts the bromamide into isocyanate 
ঠা nally, into methylamine. This is Hofmann reaction for preparing amines. 
acid amide thus gives an amine with one carbon atom short. 
CH,CONHBr + KOH = CH,.N:C:O + KBr + HO. 
Acetobromamide Methyl isocyanate 


CH.N:C:O + 2KOH = CH,NH, + K.CO.. 
Methylamine 
General methods 


| of preparation.—(1) B distilling ammonium 
salts of fatty acids, or passing NH, টন) tie acid at 1505-200" 


RCOONH, = RCONH, + H.0. 


(2) By the Action of dry ammonia upon acid chlorides or 
anhydrides in benzene or chloroform solution in the cold: 
RCOCI + 2NH, = RCONH, + NH,Cl. 
(RCO).O + 2NH, = RCONH, + RCOONH.. 
(8) By reaction of esters with an excess of conc. ammonia solution 
at room temperature: 


RCOOR’ + NH, = RCONH, + R’OH. 
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(4) By the partial hydrolysis of alkyl cyanid i 
NaOH, or moderately strong, cold H,SO, ; 5} A HzO; nT 
ammonium salt of Le aid. SES OTP ete HYLTON LE 


H.O0 H.O0 
RCN —> RCONH, —> RCOONH, 


(5) By heating an acid with urea, NH,.CO.NH.. 
RCOOH + NH..CO.NH, —> RCONH, + CO; + NH, 


General properties.—Acid amides except formami 
less, EM solids. Their boiling and PUNE Se SE 
higher than those of the parent acids due to association ৰ HB 
hydrogen bonding. The lower members are soluble in water Re 
aqueous solution is neutral to litmus. The higher members are LE 
soluble and slightly basic in character, forming unstable Salis ন 
strong acids ; the salts are hydrolysed readily. The hydro. ন TR 
amido group can be replaced by some metals, e.g., mercury nd sodiu Eo 
showing their weakly acid character. Amides are hydrolysed t He 
free acid and ammonia slowly by water, quickly by aci HR oo K 
more quickly by alkalis. In chemical behaviour, they resemble ate 
mide. They are resistant to oxidation. Both formamide and acetamide 
are good solvents. Amides appear to be resonance hybrids: g 


b QUESTIONS 


1. How would you detect the presence of (a) a h 
j ন ydroxyl group, (b) un- 
saturation, (c) an aldehyde group and (d) nitrogen i j Pp un 
Dacca Uni. B.Sc., Pass, 1933. ELD DTONESDIC COM PONNNS? 
2. Describe with essential practical details, the pre 5 
chloride in the laboratory. What are its main DOES ERS? ie a 
Uni. B.Sc., Pass, 1944. ? Calcutta 
3, How can you convert ammonium acetate and methyl i ্ি 
acetamide? What is the action of phosphorus pentoxide, BOLLE CAE ETE 
and moderately strong H;,SO, upon acetamide? a 
4. What are acid anhydrides? How do they differ from ethers? 
would you obtain a pure specimen of acetic anhydride ? What are ite চর 


uses ? 
5. How does acetyl chloride react with (a) water, 
(c) ammonia, (d) sodium acetate and (e) caustic soda? (b) ethyl alcohol, 
6. How could you convert acetyl chloride into (a) acetamid i 
acid and (c) acetic anhydride ? ide, (b) acetic 


CHAPTER XV 
THE DERIVATIVES OF FATTY ACIDS—II 


The esters.—When an alcohol reacts with an acid—organic or 
inorganic—we get an ester and water, e.g. 


ROI|H + HOJOCR, =——> ROOCR, + H.0 
Alcohol Acid Ester 


C.H.O|H + HO|OC.CH, — C,H,OOC.CH, + H.0 
Ethyl alcohol Acetic acid Ethyl acetate 


C:H.O[H + HOINO, — C.H.0O.NO, + H,O 
Ethyl alcohol Nitric acid Ethyl nitrate 


Alkyl halides are esters of halogen hydracids and alcohols: 
CH.JOH + HICIL — C.H,Cl + HO 
REA Ethyl chloride 
This superficially resembles the reaction between an acid and a 
base, giving salt and water. Hence the name alkyl salts for esters. 


But unlike esterification, the acid-base reaction is ionic, irreversible, and 
almost instantaneous at ordinary temperature without a catalyst. 


NaOH + HO|JOCCH, = NaOOCCH, + H.0. 


Esters m 
by replacing 


ay as well be regarded as derivatives of acids obtained 
one or all the ionisable hydrogen by alkyl groups 


Acids Esters 


H.SO, CH,.HSO,, (CH,).SO, 
CH,COOH  CH,COOCH,, CH.COOC.H,, etc. 
I RCOOH 


RCOO.R, 
Esters, ori 


‘and the alk ginally called ‘ethereal salts’, are named from the acid 
et 1 Yl radical (of the alcohol)—the latter being mentioned first, 
‘§., ethyl acetate, CH,COOC,H,, ethyl hydrogen sulphate, C,H,.HSO,, 


‘and so on. In the formati ৰু ; 
R On 0 
‘supplies the OH of f organic esters, the acid, not the alcohol, 


0 € Water formed, but with a halogen acid e.g, 
ED HRS AEE IE the Case. Thus if the organic acid contains 
Tun EG 0', the heavier, isotopic O,,, ordinary water results 
iY Y acetic acid and ethyl mercaptan, 
of esterification with ic a SECO.S.C,H,, and water. The rates 
Tganic acids are also different. 
(CH J GHCOGEH Te iY ন butyrat nd 
aks, ethyl isobut ক 2 V utyrate, a 
EINE nd OH, COOCH CHORE ate CFHeCOOCH(CH)., isopropyl 


acid and 
Thus C,H,,0. represents methyl bu 
CH.COOC.H,, propyl acetate CH,COGE CH: COOCH,, 


‘The isomeric esters in (i) and (ii) may চা 


‘separating 
"50 c.c. of ethyl alcohol is place 
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(iii) Esters may also be isomeric with fatty acids, e.g., methyl acetate, 
CH,COOCH,;, is an isomer of propionic acid, CH,CH.COOH. Acids are 
soluble in weak alkalis and may have a sharp odour whereas esters are neutral, 
sweet-smelling liquids, and insoluble in weak alkalis. 

Preparation. (1) By heating the alcohol and the acid in presence 
of a dehydrating agent such as strong H,SO, or dry HCl gas which 
abstracts the water formed ; the reaction thus goes to completion. The 
reaction is reversible (2/8 of each enter into reaction—the maximum 
yield of the ester is, therefore, 66°7% of the theoretical in absence of 
dehydrating agents, when one molecule of each reacts) and usually 
very slow. The mineral acids act as catalysts and like temperature, 
accelerate the attainment of equilibrium considerably. The rate also 
depends upon the nature of the alcohol and of the acid. Thus when 
equimolecular weights of an alcohol and acetic acid are heated to 
about 150° for one hour, primary alcohols are esterified to the extent 
of about 47%, secondary alcohols about 21% and tertiary alcohols only 
about 1%. This is because an alkyl group has a greater tendency than 
H to release electrons; in tertiary alcohols three alkyl groups, attached 
to the C of C—_OH, raise the electron density on this C higher than 
in secondary or primary alcohols. The proton of O—H is thus more 
firmly bound in tertiary ‘alcohols than in secondary or primary. The 
C—O bond is correspondingly weaker. For the same reason, the O-H 
bond is stronger in a Secondary alcohol than in a primary. Hence 
the order of reactivity in esterification which involves the breaking of 
this O—H bond, is primary>secondary>tertiary. Excess of alcohol 
shifts the equilibrium towards the right. With a catalytic amount of 
H,SO, and a suitable inert solvent e.g. toluene, esterification may be 


practically completed as the water formed distils off with the solvent. 

The mechanism of esterification is not clear; it is believed that the first 
step in the acid-catalysed reaction involves a. proton transfer to the carbonyl 
oxygen of the carboxyl group, the next is the attack by the alcohol molecule 
on the electron-deficient carbon of the carbonyl giving an additive product 
Which eliminates a proton and then water, forming the ester : 


OH 
Ho + R’OH |] TIRE 
RC 0) RCE OHA al Te 
GH OH R-0—H 
OH 
| -H.O0 
R—C—OH —> TAY 
O-R’ O-R’ 


The mechanism with a halogen acid is believed to be: 


R-OH + HX —> R-OH. +X —>RT+HO+ XE SAREE HO 


tate—In a 500 c.c. distilling flask fitted with a 
and a receiver, are taken 50 c.c. of ethyl alcohol 
A mixture of 50. c.c. of glacial acetic acid and 
d in oe Ren ES The flask is heated 
3 ‘l-bath. The content of the tap funne’ 1s run in at about th 
in an or EE d distils. The distillate consists of ethyl aa 

ther and sulphurous acid.- It is shaken 


Preparation of ethyl ace! 


and 50 c.c. of conc. H:SO.. 


to 140° 


same rate as ্‌ ic j 
alcohol, water, acetic acid, a little el 
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with moderately strong sodium carbonate solution to neutralise the acids. 
The lower aqueous layer is drawn off and the upper oily layer of the ester 
is treated with a strong solution of NaCl or CaCl, to remove the alcohol. 
The ester is dehydrated with fused CaCl. and purified by re-distillation from 
water-bath. The liquid coming between 75° and 80° is collected. By taking 
an excess of the alcohol, the yield of ester is increased to 80-88%, of the 
theoretical. 

Alternatively, dry HCI gas is Passed into alcohol until weight increases 
by about 20%. This is added to an equal volume of glacial acetic acid, 
taken in a flask, fitted with a reflux condenser. The flask is heated on water 
bath for about half-an-hour. The contents of the flask are poured into strong 
brine and the upper layer of the ester separated. It is purified as before. 
This method is quicker, a large excess of alcohol is also unnecessary. No 


ether is formed as with H,SO, 

Ethyl acetate is a colourless, sweet-smelling liquid (b.p. 775° and 
SP. gr. 0°91), slightly soluble in water. It may be made from acetal- 
dehyde (p. 182). It is a solvent for lacquers. 


(2) By boiling an alkyl iodide with dry silver salt of fatty acids, 
esters are formed (cf. Williamson’s synthesis of ether, p. 120). Esters 


of unstable or very weak acids can thus be prepared. The method is 
costly and also slow. 


RCOOIAs + IIR, = RCOOR, + Agl. 
Ester 
(8) On Warming acid chlorides w 


readily in good yield (P. 162). The mixture is shaken with dilute 


caustic soda solution to remove the hydrochloric acid. Anhydrides 
also react with alcohols to give esters (p. 164). 


RCOC! + ROH = RCOOR, + HCI. 
Acid chloride Alcohol Ester 


(4) Methyl esters ma 
Teal solution of di. 
esters of acetic aci. 


ith alcohols, esters are Obtained 


Y be made by treating the acid with an 
azomethane (a yellow as) at room temperature, 
d by reacting ketene with alcohols: 


R.COOH + CH.N, = R.COOCH, + N.. 


Diazomethane 


CH,=CO + HOR = CH,COOR. 
Ketene 


Uses.—Esters are 


ant 


Properties and 
solids, with fragrant odour, 
Many Occur in essential oils of plants ; 
flavouring essences and in { 
of pineapple, Isoamy] isovalerate that 
lighter than water in which the 
soluble in alcohol and ether. M 
at much lower temperatures th: 


of apple. Esters are mostly 

soluble. They are 
ethyl and ethyl] esters of fatty acids boil 
i they cannot asso- 
1 .JY* esters have invariably hicher 
Points than the corresponding ethyl esters. Some Teco 
HSS are largely employed for dis- 
) ll 1). acetate (acetic ether), is a good 
stimulant. Ethyl formate is a fungicide ; TE Ee BLN 
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methacrylate and polyvinyl acetate are common plastics. Some are plasti- 
cizers (softening agents). Esters occupy an intermediate Bon 
between ethers and acid anhydrides—being more reactive A the 
former but less so than the latter. Their structural relationship explai 

this fact: EEE 


R R R.C 
20 >০ ত) 
R R.CO R.CO/ 
Ether Ester Acid anhydride 


Reactions.—(1) Esters are slowly decomposed by boiling wa 
the parent alcohol and acid. The process ৰ eed dF ny 
acetate gives acetic acid and ethyl alcohol: 
CH,COOC.H, + H.0 —— CH,COOH + C.H.OH 
Ethyl acetate Acetic acid Ethyl alcohol 
Mineral acids and alkalis accelerate this reaction. The acid 
hydrolysis is reversible, but the alkali fixes up the acid formed, and 
the opposite reaction cannot take place (cf. formation of soaps from 
natural oils and fats with caustic soda, Pp. 112). Esters are estimated 
by hydrolysis with standard alcoholic KOH and back titration of the 
excess alkali with standard acid. 

2) With ammonia gas or conc. aqueous or alcoholic ammonia, 
organic esters yicld acid amides (p. 166). This is called ammonolysis. 
CH,COOC:H; + NH, — CH,.CONH, + C.H.OH 

Ethyl acetate Acetamide Ethyl alcohol 


Esters of halogen hydracids (or alkyl halides) react with alcoholic 
ammonia and yield amines: 
CHI + NH, = C:H.NH, + HI. 
Ethyl iodide Ethylamine 
3) Esters are converted into acid chlorides and alkyl chlorides by 


phosphorus pentachloride. 


CH,COOC,H, + PCl,.= CH,COCI + C:H.CI + POCI,. 
Ethyl acetate Ac-tyl chloride Ethyl chloride 


4) On vigorous reduction, an ester gives two mols. of alcohol; 
Bouveault-Blanc method consists in refluxing an ester (or an aldehyde 
or a ketone) with excess sodium and absolute alcohol. Free fatty 
acids are not so readily reduced. Lithium aluminium hydride, LiAIH,, 
reduces esters (and also acids, aldehydes, ketones, etc.) in ether solutions 
to alcohols in very good yield ; it does not normally reduce an olefinic 
bond. Sodium hydride, NaH, gives a higher yield of alcohol from 
ester than sodium and alcohol. Catalytic, high pressure hydrogenation 
also effects reduction ; lauryl alcohol, C, H,;OH, is thus commercially 


made from cocoanut oil. 
R.CO.OR’ + 4H = RCH,OH + R’OH. 


(5) When ethyl acetate is refluxed with a large excess of methyl 
alcohol, methyl acetate is formed. Similar reversibility also occurs with 


other esters ; this is known as alcoholysis (splitting by alcohol). The 


process is accelerated by a little acid or alkali. 
* CH,COOC:H; + CH.OH == CH.COOCH, + C,H,.OH 
Ethyl acetate Methyl alcohol Methyl] acetate Ethyl alcohol 
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In acidolysis, the acid residue of an ester can be similarly replaced 
by another: 


CH.COOC:H;, + C;H,,COOH — > C.H,,COOC.H, + CH,COOH 
Esters of inorganic acids are prepared like organic esters. A 
dibasic acid such as sulphuric acid forms two types of esters, viz., alkyl 


hydrogen sulphate and normal alkyl sulphate. “Alkyl halides are esters 
of monohydric alcohols with halogen hydracids: 


Ethyl hydrogen sulphate, C.JH,HSO,, is prepared by heating on 
Water-bath, equal volumes of ethyl alcohol and conc. H,SO,, for about 
an hour. } 

C:H,OH + H.SO, — C,H.HSO, + H,O 
Ethyl alcohol Ethyl hydrogen sulphate 

The liquid is treated with sufficient BaCO;,, excess of H.SO, is precipi- 
tated as BaSO, and filtered off. The barium salt of ethyl hydrogen sulphate 
remains in solution. It is.decomposed by just sufficient dilute H.SO, in the 
cold and filtered. The filtrate is distilled” under reduced pressure, alcohol 
and water are thus removed and ethyl hydrogen sulphate is obtained as a 
thick liquid. 

Ethyl hydrogen sulphate (formerly called sulphovinic acid) is sour 
to the taste and like bisulphates has an acid reaction, decom OSIng 
carbonates. It is readily decomposed by boiling water, alcohol or 
sulphuric acid. 


C,H:HSO, + H.0 > C:H,OH + H.SO, 


Alcohol 
C:H;HSO, + C,H;OH = C.H,O.C.H, + H,SO.. 
Ether 
C.H;HSO, + H.SO, = C.H, + 2H,SO.. 


Ethylene 


Diethyl sulphate is best prepared by heating silver sulphate with 
ethyl iodide and industrially, by passing excess of ethylene into cold, 
concentrated sulphuric acid. It is a colourless liquid (b.p. 208°), used 
for introducing ethyl Sroups into organic compounds. 

Ag:SO, + 2C,H.I = 2AgI + (C:H;).SO.. 
Diethyl sulphate 
2CH, + H.SO, = (C,H.).SO.. 

Dimethyl sulphate. 
sulphonic alia SOHC (C0):50, 
product under reduce 
at low temperature. 


HSO,C! + CH,OH = CH.HSO, + HO. 
Methyl hydrogen sulphate 
2CH,HSO, = (CH,).SO, + H.SO.. 
Dimethyl sulphate 
250; + 2CH,OH — (CH,).SO, + H.SO.. 
A German process consists in Passing dimethyl ether and SO, in molar 
ratio into dimethyl sulphate at 40° and distilling the product with Na,SO, 
at low pressure. 


. Dimethyl sulphate i a heavy, odourless liquid (b.p. 188°) highl 
Poisonous. It is slowly hydrolysed by water even in the cold. Tt TEdets 


is made by the action of chloro- 
’, ON methyl alcohol below 0° and distilling the 
d' pressure, or by treating methanol with 50, 
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with compounds having -NH,, -OH 
{ e -NH,, - or >N. i 
alkalis, replacing the hydrogen atoms by Ra ES EE Sr 2 
for methylation. VON) NEES HS Ise 
In recent years, a new class of deter! i 
¥ b gents (clea i 

3 of higher fatty alcohols, has been EEE HD চু a form of 

ese can be used in hard water—their Ca and Mg salts being যী be RE 
are more soluble in water, have a greater spreading or penetrati es 
can be used in acid or alkaline medium. Some 40% of tHE, OE) 
industrial detergents are now of this kind. Like soaps they hav. লি 
valent or polar group (-COOH, -SO,H or -OSO,H) and a cOVAlEDE SE 
group (alkyl group or alkyl-substituted benzene ring). The Tom BONO 
water and the latter oils, so that oil and water come together and fo EE 
emulsion. Cetyl sodium sulphate, C;.H:,0.SO,.Na, is a detergent of thi চা Sp 
sodium lauryl sulphate, C,.H...0.SO,Na, is a good wetting agent and SET - 
gent. Higher fatty acids form the corresponding primary alcohols EE 
esters (e.g. glycerides) are reduced with H, under pressure using a Ni EAN 
these alcohols are sulphated with fuming H:SO.. i ESAS 

Ethyl nitrate, C.JH,NO,.—Nitric aci 
) HNO, . acid and ethyl alcob 
ethyl nitrate, ‘but alcohol is oxidised by nitric ag! Te ES 
nitrous acid with alcohol forms ethyl nitrite. The yield of ethyl De 
is thus .poor even at low temperature. Urea, CO(NH,) ELE Ke 
the nitrous acid as it is formed and improves the yield 2/29 poses 
ৰ . 2HNO;, + CO(NH.). = CO; + 2N; + 3H.0O. 
The reaction mixture is very slowly distilled from water-bath otherwise 
ethyl ETC explode. Ethyl nitrate is a liquid (b.p. 86°) with a 
fruity smell, insoluble in, and heavier than, water. ‘Tin and HOCl red 
it to alcohol and hydroxylamine, NH,OH. hi 
C:H,NO,; + 6H = C:H;.OH + NH.OH +H.O. 

KE Ethyl nitrite, C,H..0.NO, is prepared by treating in the cold 
mixture of potassium nitrite and alcohol with dilute HCl H f 
It is purified by distillation from warm water-bath, and bind ০ 
a receiver cooled with ice. It may be dried over pot carbon Le 
ester (b.p. 16°) has the odour of apples. ঠ LE 

Sweet spirit of nitre, a stimulant, is made by th: রণ 
and copper upon ethyl alcohol. It contains besides LOHR AS HNO, 
some acetic acid, ethyl acetate, etc. ethyl nitrite, 
Amyl nitrite, C.Hi;,.0.NO, prepared like ethyl nitrite, i 
liquid (b.p. 96°), used ‘as a heart-stimulant. Iso-amyl TE is SB be yellow 
spasms of arteries in asthma by reducing blood pressure. ৰ )HESCS 
Nitroparaffins, R.NO,, are isomeric with. alkyl nitrites and ma 
be regarded as derived from paraffins by replacing a hydrogen A 
fo) 


nitro-group, -NO.. 


R-O—N=0 RN 

Alkyl nitrite No. 

Nitroparaffin 

fins from hexane upwards can be directly nitrated with 
acid, but not the lower members. Propane and i 
react in vapour phase at 400-500° and yield ECE 2 
-nitropropane and 2-nitropropane, which may be sepa ane, 
distillation. These are good solvents for cellulose ee 
and made commercially. Ethane thus gives ES 


Para 
fuming nitric 
acid, however, 
nitroethane, 1 
by fractional 
and vinylites, 


174 ORGANIC CHEMISTRY 


and nitromethane. Lower nitroparaffins are usually prepared by 
distilling an alkyl iodide with solid silver nitrite ; some alkyl nitrite is 
also formed. 
CH.I'+ AgNO, = CH,NO, + Agl. 
Nitromethane 

Victor Meyer, who discovered the nitroparaffins in 1872, Obtained a 
mixture of ethyl nitrite and nitroethane by reacting ethyl iodide with 
silver nitrite. Both nitromethane (b.p. 101°) and nitroethane 
114°) are pleasant-smelling, colourless, inflammable liquids, insoluble 
in water. Nitromethane may be easily Prepared in good yield by 
heating equimolecular amounts of sodium nitrite and sodium mono- 


chloroacetate in aqueous solution. Nitroacetic acid, first formed, breaks 
up into CH,NO, and CO; : 


INalNO, + |CHCH,.COONa = NaCl + CH.(NO.)COONa. 
Sodium vitroacetate 
CH.(NO.)|COONa + HOIH = CH,NO, + NaHCo,. 
EE Nitrome thane 
. With other metallic nitrites, except AgNO,, alkyl nitrite results and no 
nitroparaffin. Again, with AgNO;, methyl iodide produces only nitromethane, 
Whereas ethyl iodide gives almost equal quantities of nitroethane and ethyl 
nitrite. With higher alkyl iodides increasingly higher amounts of ester result, 
Nitroparaffins, as a rule, have much higher boiling points than isomeric alkyl 
nitrites ; they are easily separated by fractional distillation. Tetranitromethane, 
(NO;),C, made from acetic anhydride and fuming HNO,, gives, in chloroform 
Solution, a yellow to red colour with unsaturated compounds ; a very dilute 
solution in the cold is employed for their test as it explodes violently on 
heating with organic compounds. 
Distinction between alkyl nitrites and nitroparaffins.—(i) A nitrovaraffin 
oils at a much higher temperature than the corresponding alkyl nitrite. 


(ii) Alkyl nitrites are hydrolysed to alcohol by caustic alkali but nitro- 
Paraffins dissolve in the alkali forming salts. 


C:H,NO; + KOH = KNO,; + C,H.OH. 


Ethyl nitrite Ethyl alcohol 
C.H.NO, + KOH = C.H,.KNO, + H,0. 
Nitroethane Pot. nitroethane 


(iii) Alkyl nitrites, 
further reduced to hydr 
e.g., tin and HCl, conve 


on reduction, give alcohol and nitrous acid which is 


OXylamine or ammonia. But powerful reducing agents, 
Tt nitroparaffins to primary amines. 


C:H,NO, + 4H = C:H.OH + NH,OH. 
Etnyl nitrite Etnyl alcohol Hyarxylamine 


C.H.NO, + 6H = C:H.NH, + 2H,0. 
Nitroethane Ethylamine 


These reactions show that the nitrogen of nitroparaffins cannot 
be easily detached. It is, therefore, believed to be directly linked to 
carbon. ‘To explain reactions (li) and (ii), a nitroparaffin (primary 
Or secondary) is supposed to exist in two tautomeric forms (hydrogen 


bonding between molecules of aci-form Possibly explains the high 
boiling point of nitroparaffins): 


(6) OH 
CHENG ULES CH,-NC- 
[0) 
Nitro form Aci form 
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The nitro form is reduced to amine while the aci form gives salt 
with alkali. It has been possible to follow the steps: 


KOH HCI 

CH,NO, —> CH::NO.OK —> CH::NO.OH _> CH,NO, 

Nitromethane Pot. nitromethane  Pseudo-nitromethane Nitromethane 

Compounds like nitromethane, which are neutral but form acids 
by intramolecular change, are known as pseudo-acids. Tertiary nitro- 
paraffins have no H with the C adjacent to N ; they cannot be tauto- 
meric and are not soluble in alkali. 

Victor Meyer's method for distinguishing between primary, secondary and 
tertiary alcohols by converting them into the corresponding nitroparaffins (p. 95) 
may be recalled. ” With HNO, primary nitroparaffins give nitrolic acids, the 
secondary form pseudo-nitrols while the tertiary do not react at all. 

il waxes.—lIn nature, we meet with three types of oily sub- 
SACL OEE fats and oils, animal or vegetable, are glycerides of higher 
fatty ids ( 155) usually containing an even number of carbon atoms, such 
as oleic Stet দল palmitic acid. They are non-volatile, mixed triglycerides 
(p. 112): Fats are harder in consistency. Glycerides melting above 20° are 
usually t ু fats while oils melt below 20°. In India, cocoanut oil in summer 
চন ally terme. fn in winter. (ii) Mineral oils, mixture of hydrocarbons, are 

ay become a fat in indicates ; on TE Se diesel oil. 
ক L 1! o ile, pleasant-smelling liquids found in various 
(iii) Essential oils are highly volatile. 3) etc. are examples. Their compositions 
alicyclic. 


pha ECT ; : 
ঃ uba palm leaves in Brazil, is largely employed 
Wax (m.p. 80-87°), found in carne? 


In making gramophone records, OC H:- Wool wax is mostly cholesterol 


Vegetable oils usually AY pressure in 
Ags and subjected oa না exul j 
temperature is raised. The solvents li 
he extraction is also d fh ff 
the solvent is recovered 2 ce obtained 
Very effective. Animal ols poled wit! 
etc. which are chopped as separated. 
floats on the surface and! bleached with DP! 
alkali to remove free acids, 9,7 


codorised with steam. « 

bE নয Tang fats” are neutral, lighter than water and 

Properties:—Nature, on readily soluble in benzene, acetone, ether, carbon 
[) 


Ne Ss EET y are urated fatty. acids are mostly solids while 
EET NS Glycerides Lous The consistency is largely determined by 
| ds are 2 


ose aturated aci cerides. Oils are partially decomposed when 
the proportion of unsaturated irritating vapour of acrolein is evolved. Some 
oiled under atmospheric Pre ds (e.g. linseed oil) slowly কী Ygen from the 
Elycerides of unsaturated act ent mass due to ee E an i EEE They 
air and form a hard, transP$ t unsaturation alone EE co etermine ‘the 
are known as arf ন oe paving Slycerides of highly unsaturated fatty acids, 
drying property as fish- 
do not dry in air. 
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On exposure to light, air and moisture, oils Slowly become rancid due to 
the formation of peroxides by unsaturated glycerides, which Split up into alde- 
hydes, ketones and acids. Some of these have Strong odour. and rancid taste. 
Anti-oxidants e.g., hydroquinone, inhibit this reaction. The Odour of a fresh 


oil is mostly due to impurities, e.g., allyl isothiocyanate, C,H.NGS, in .mustard 
oil. 


Hydrogenation of oils.—In recent years, the Process of converting liquid oils 
into fats by adding hydrogen to the double bond in the unsaturated glycerides, 
has been industrially developed. This hardening or hydrogenation “of oils 
is carried out with pure hydrogen under pressure (60 lb.) in presence of finely 
divided nickel (obtained by heating nickel formate in oil at 240°; 0:2—0:5% 
on the weight of oil added) at 120-176°. The oil and catalyst are agitated 
violently in a closed vessel and hydrogen bubbled in. The nickel is filtered off 
and used again. Vegetable ghee or vanaspati is hydrogenated oil. Hardened 
oils are extensively used for the manufacture of margarine (a butter substitute, 
made by thoroughly mixing fats, oils, hydrogenated oils and milk, and adding 
vitamins and colouring matter to the mixture), soap and candle. India pro- 
duced 2,95,154 tons of vanaspati in 1958, mostly from groundnut oil. 


Analysis of oils.—(i) Iodine value indicates the unsaturated nature of an 
oil. Iodine chloride, ICl, is readily absorbed by unsaturated glycerides: 


>C=C< + IC! = >CI-CC< 


A known excess of ICI solution is added to a definite weight of oil dis- 
solved in a solvent. Excess of IC] is estimated after absorption is complete. 
The amount of ICI absorbed is thus known (Wijs’ method). Iodine value is 
the number of grams of iodine which thus combines with 100 g. fat or oil. The 
greater the iodine value, the greater evidently the unsaturation. Cocoanut oil 
has an iodine value of about 10, olive oil 88, and linseed oil 170-200. No fat 
Or oil has zero iodine value. 3! 


(ii) Saponification value is the amount of caustic alkali, in mg. KOH, 
required to neutralise the fatty acids derived from 1 g. of fat or oil. A known 
weight of oil is heated under reflux with sufficient standard alcoholic potash, the 
excess is titrated with acid. Cocoanut oil has a saponification value of about 250, 
Olive oil about 200. The higher the saponification value, the lower the 
average mol. wt. of constituent fatty acids and vice versa. 


(ii) Reichert-Meissl value denotes the volume in c.c. of decinormal potash, 
required to neutralise the volatile acids obtained by the distillation of 5 g. of 


oil under specified conditions. Butter has a Reichert-Meissl value of about 28, 
cocoanut oil about 8, and lard 0°0. 


. On the basis of iodine value, oils are subdivided into three groups— 
drying, semi-drying and non-drying. Non-drying oils, having iodine values 
below 90, do not appreciably change their consistency on exposure to air. 
They chiefly consist Of triolein, e.g., olive oil, cocoanut oil, castor oil, etc. 
Drying oils, with iodine values above 120, slowly harden to a resinous solid 
on exposure to air. They are mainly composed of highly unsaturated acids, 
such as linoleic, linolenic, etc. Linseed oil is the best example ; it contains 
about 80 _p.c. linolenic. acid ester, 15 p.c. linoleic ester and 5 P.c. triolein. 
Drying oils are used in paints, in making oil-cloth, rexine, linoleum, etc. 
Linoleum, is made by mixing ground cork with boiled’ linseed’ oil, rolling the 
resulting mass into sheets, and allowing them to harden. India is third in the 
production of linseed. Tung oil (China-wood Oil) is an excellent drying oil. 
Semi-drying oils have iodine values between 90-120 and thicken very slowly in 
air; examples are cotton seed oil, sesame oil, etc. Castor oil contains the 
glyceride of ricinoleic acid or hydroxy-oleic acid. It is a lubricant and a 
purgative. Sulphonated castor oil is Turkey Red oil, a wetting agent in the 
textile industry. 


Synthetic fats—By heating paraffin wax with Na,CO, solution under 
pressure at about 170° and passing air, 


number of carbon atoms (C,, to C;,), are obtained. Lead, manganese or 


a series of fatty acids—all with odd - 
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vanadium is the catalyst. This process was developed in Germany during the 
War of 1914-18 to meet the demand of fatty acids when her oil seed supply 
Was cut off. Glycerol was made by fermentation (Pp. 113). 


Fats have been synthesised by heating glycerine with fatty acids in sealed 
tubes at 200°-260°. Mono-, di- and tri-glycerides are thus Obtained. Oil seeds 
being abundant, synthetic fat has little Prospect. During the war of 1914-18, 
Germany recovered fats from sewage of large cities, 3-4 kg. of fat is lost in 
feces per head per annum. During the last war Germany oxidised hydro- 
carbons from Fischer-Tropsch process to acids and made fats and soaps there- 
from. 


Animal fats contain cholesterol, CHO, an unsaturated aromatic alcohol, 
Which forms rhombic plates (m.p. 148°) while phytosterol (not a single body) 
occurs in vegetable oils, crystallising in needles (m.p. 132°-144°). A distinction 
is thus possible. Fats are formed in the animal body from carbohydrates, and 
stored as reserve food. During fast or muscular Work, fats supply the energy. 
Lipase of the pancreas splits the fat we eat into glycerol and acids: fresh fat 
is built up therefrom in our system : the composition of human fat differs from 
that of fats we take. We derive about 9-5 kcal. of energy per gram of fat 
compared to about 4 kcal. per gram for protein or carbohydrate. 


Hydrolysis of oils and fats (saponification).—(i) By heating under pressure 
the fat with water and 2-3% lime, magnesia or zinc oxide at 140-150°. 


(ii) The fat-hydrolysing enzyme, lipase of castor Seed, acts between 30°-40° 
on an emulsion of fat with very dilute sulphuric acid for 2-3 days and gives 
free acids. 


(iii) With conc. H.SO, (used only for Door qualities of fat). 


(iv) With fatty-aromatic sulphonic acid (known as Twitchell's reagent) at 
about 100°. It acts rapidly on an emulsion of fat in water and a little H.SO.. 


Manufacture of Soap.—Ordinary, soap consists of sodium or potassium 
salts of higher fatty acids ; these are soluble in water. The sodium salt gives 
hard soap, soft soap is the Potassium salt ; washing or toilet Soap is usually 
hard soap. Soap is made from a mixture of fat and oil, the kind and propor- 
tion are trade secrets as the quality of soap largely depends on this choice. 
Cocoanut oil is used for ready lathering, and tallow or lard for permanence of 
lather. Palm oil, olive oil,” cotton seed oil and other vegetable Oils are 
extensively employed. For washing Soaps, lard and cocoanut oil mixture is 
rather common. The mixture of melted, and in some cases, Purified fats is 
boiled with live steam in large iron pans with the requisite amount of caustic 
Soda solution (109%) called lye. The lye is slowly added, the steam agitates 
the mass and ensures thorough. mixing. After several hours, a frothy mixture 
of scdium salts of the fatty acids, glycerine and water is obtained. 


C,H.(C;,;H,,COO), + 3NaOH = C.H.(OH), + 3C,,H,.COONa. 
Tri-stearin Glycerine Sodium stearate 


Common salt or brine is added, sodium salts of fatty acids separate at the 
surface as a granular mass after some hours. The Process is called ‘salting out’. 
Potassium soaps cannot thus be Separated as they are decomposed by NaCl. 
The mother-liquor (called spent lye) contains glycerol; it is run off and worked 
for glycerine. The separated soap, having in it a little free fat, is again boiled 
with caustic soda to complete saponification. The lye is drawn off. the soap 
boiled with water and allowed to settle. The SOlid soap is then cut into chips, 
dried to the requisite moisture content, and mixed with perfumes and colouring 
matter. Finally. it is moulded into cakes in a dice. About 10% of rosin is 
often added to the fat charge to increase the solubility of the Soap and give it 
a pleasant odour. The chief constituent of rosin is abietic acid, C,,H.,.COOH 
an aromatic compound. 2 

Tn the cold process, tallow mixed with cocoanut oil ie treate. 
requicite quantity of warm NaOH solution (309%). Saponification 
readily with liberation of heat. After adding perfumes, colouring 
the mass is allowed to set. The glycerine remains in the soap. 


12 


d with the 
takes place 
matter, etc. 
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In a recently developed continuous process, a mixture of fats and oils 
and catalyst is forced up a vertical tower down which passes hot water. The 
glycerides are thus hydrolysed—the resulting fatty acids going to. the top 
and glycerine, to the bottom of the tower. The acids are converted into soap 
with NaOH, and the glycerine recovered from its aqueous solution as usual. 


Transparent soaps are made by dissolving ordinary soap in alcohol 
(methylated spirit) and driving off the alcohol after fitiration. The mass on 
solidification looks transparent. Cold process soap. on adding cane-sugar 
and alcohol, becomes transparent. Floating soaps are made by blowing air 
through molten soap. For cheap toilet soaps as well as washing Soaps, fillers 
such as soap-stone or magnesium silicate, sodium silicate, etc., are added in 
very fine form to increase the bulk. These soaps contain more moisture. 
High class toilet soaps should have not more than 10% moisture and no free 
alkali or fat. Rosin improves the detergent properties. Shaving sticks are 
potassium-sodium soaps made from tallow or lard ; stearates produce a lasting 
lather, a desirable quality. Shaving. soaps may contain gum or glycerine to 
prevent rapid drying of lather. Marine soaps, made from cocoanut and palm 
oil, lather with sea water. Liquid soap is a potassium soap dissolved in water. 


Free fatty acids are also neutralised with sodium carbonate to form soaps. 
This is cheaper and simpler. Insoluble soaps are commercially important ; 
lead soap (lead oleate) is a plaster in medicine ; calcium and manganese soaps 
are lubricants, and also used as driers in paints. Zinc or magnesium stearate and 
palmitate are employed in face powders and ointments ; aluminium soap makes 
textiles and leather water-proof. 


The cleansing action of soap largely depends upon its wetting action 
as well as power of emulsification (due to polar and non-polar end-groups) 
and adsorption of grease and dirt particles. The dirt is mechanically removed 
during washing. Low surface tension of soap solution aids emulsification of 
greasy matter ; electrostatic forces possibly play an important role. 


Indian soap industry.—According to Liebig, consumption of soap isa 
measure of civilisation. In 1958 India produced 1,22,856 tons of soap. But 
the industry has to face hard competition with big foreign firms which have 
established factories here to avoid import duties. India’s partial dependence 
for caustic soda and perfumes on foreign supply is a handicap. It is interest- 
তে ke note that soap-making was known to the people of ancient India ; 

hal ERE! (ca 1060 A.D.) gives a recipe for the preparation of a depilatory 
Soap from mustard oil, ashes of certain plants, lime and the urine of the ass 


(Hindu Chemistry, by Sir P. C. Ray, V i duction of so 
appears to date from 1791 in Eos ol. I). Commercial production 0. ap 


‘The annual consumption of soa ita i i ; 
ann p per capita is 25 Ib. in U.S.A., 20 lb. in. 
PH Britain and only 4 oz. in India, a tropical country. Barely 5% of 

S use soap, no doubt, due to our appalling poverty. 

Manufacture of candles—Fatt i istillati 
b K y acids from fats are refined by distillation 
tla Sc LEE at about 300°. The mixture of acids is heated to 
S(eariC Zu PANG separate liquid acids. A solid cake, consisting chiefly of 
SE ute BEODS ত is obtained. It is known as ‘stearine', and mixed 
LEE EAE Hon of paraffin wax (about 9020) forms candles. Stearine 
RA ts Stronger. The mixture of melted stearine and paraffin is 
into eS Carrying a pleated cotton thread along the axis. Finally 


it is obtained in the cylindrical fo i : 
jigboi Tm. ndles are 
at Digboi, Calcutta, Madras, Mysore Bde made in Burma, 


Petrol from vegetable oils—China makes petrol by cracking tung oil 


(a vegetable oil she has in abund i 5 
her petrol problem. ance). This has gone a long way in solving 


QUESTIONS 


1. How would you distinguish between (i) an aldehyde and a ketone, 


(ii) an ether and an ester, (iii) a ni 5175 
Uni BSc (Aen) 1941. ) nitroparaffin and an alkyl nitrite?—Dacca 
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2. How is ethyl acetate prepared in the laboratory? What i = 
of (i) caustic soda, (ii) ammonia, on ethyl acetate? a at is the action 


3. How is soap manufactured? What are the essential iti jl 
in a good toilet soap? Discuss the prospect of soap industry ET ce 

4. What is an ester? Write a short account of some 
important members of this group of substances including ENE HEE 
industrial value. Mention the general principles to be observed in the ট 
paration of these compounds, and the nature and properties of the Stee Ne 
a class. B.Sc., Pass, 1944, Calcutta Uni Ea 

5. What are oils and fats? How would you distinguish betwe. 

3 en an 

animal fat and a vegetable one? What are the commercial uses ji 
fats? How is candle manufactured ? Stand 

6. Write what you know about isomerism of esters. How could 
distinguish between the esters of the formula C,H,O,? Fhe 

J. Describe the preparation and properties of ethyl nitrite.—C: 
Univ., B.Sc., Pass, 1934. 4 ie 43 

8. I is the EE nature of a fat? How does it differ from an 
oil? ive an account of the principal methods of hydrolysis of oi 
B.Sc., Pass, 1930, Calcutta Univ. Ydrolysis SSOLNTTOEE 

by How are oils hydrogenated? Discuss the economic aspects of such 
hardening of oils. 

10. Mention the usual chemical tests by which the quality of an oil 
‘or fat may be determined. What is the mol. wt. of a fat whose saponification 
walue is 200? 

11. What are soaps ? Describe how you would prepare a sample of soap 
iby the cold process. How is glycerine recovered as a bye-product in ine 


‘manufacture of boiled soaps ?—B.A. Degree Exam., 1942, Madras Univ. 


CHAPTER XVI 
THE DERIVATIVES OF FATTY ACIDS—HI 


The balogen-, amino- and cyano-acids.—On replacing the hydro- 
gen in the alkyl radical of fatty acids by other atoms or groups such 
as Cl, -NH,, -CN, -OH, etc., various substituted acids are obtained. 
Acetic acid forms the following derivatives: 


Te CHCl CH.NH, CH,CN EE 
|| | 
COOH COOH COOH COOH COOH t 
Acetic acid  Chloroacetic Aminoacetic Cyanoacetic Hydroxy- 
acid acid or glycine acid acetic acid 


They exhibit more or less the properties’ of both the functional 
groups. ‘Thus monochloroacetic acid behaves as an alkyl halide as 
well as an acid ; hydroxyacids as alcohol and acid, and so on. Their 
properties may, however, be considerably modified by substituents. 
Thus monochloroacetic acid is much stronger, and aminoacetic 
acid weaker, than acetic acid. Only one monochloroacetic acid is 
known but there are two monochloropropionic acids, viz, 
CH,CICH,.COOH and CH,CHCICOOH. With higher homologues, 
the number of such isomers rapidly increases. More than one of the 
alkyl hydrogen atoms may, of course, be replaced by other atoms 
Or groups. For convenience of nomenclature, carbon atoms of fatty 
acids are named with Greek letters. The one attacked to the carboxyl 
group is termed «-, the next one B-, and so on; ¢.g., 


5 Y BL ie 
CH,—CH,—CH,—CH,—COOH 
The three monochlorobutyric acids are accordingly named as 


CH.CI-CH.-CH.COOH, CH.CHCI-CH,-COOH, CH.CH.-CHCI-COOH 
Y-chlorobutyric acid B-chlorobutyric acid a-chlorobutyric acid 


Halogen-substituted © acids.—These are prepared by different 
Ee depending upon the position the halogen takes. Chloro- 
ormic acid, CICOOH, is unstable and known only as esters. The 
chloroacetic acids are commercially important. 


fl HEE) Chlorine or bromine is added to a boiling fatty 
EE of a halogen carrier such as iodine, sulphur oi 
Phosphorus to get chloro- or bromo-acids. Hydrochloric or hydro- 
bromic acid is evolved at each stage. The hydrogen atoms can be suc- 


cessively substituted. Sunlight promotes the reaction. Monochloro- 
acetic acid is thus manufactured. 


Cl 
SS Cl. Cl 
CH,COOH —> CH.CICOOH _— 
Acetic acid Monochloroacetic acid ME EE 


Di 1 ত Dichloroacetic acid Trichloroacetic acid 
irect halogenation replaces the hydrogen of the 4-carbon atom. 


‘Thus, propionic acid, on chlorination, vi 
2 ion, yields CH,CHCICOOH, but not 
CH,CICH,COOH. In the hydrocarbon chain, chlorine, as a rule, first 


attacks the carbon poorest in hydrogen. Substitution by iodine is not 
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possible (cf. paraffins, p. 71). IJodofatty acids are commonly prepared 
by heating the corresponding chloro-derivatives with potassium iodide: 


CH,CIL.COOH + KI = CH.IL.COOH + KCl. 
Monochloroacetic acid IJodoacetic acid 


Chlorination or bromination of higher fatty acids is not, however, easy. 
Acid chlorides are more conveniently brominated; the products oe Hen 
hydrolysed to obtain the a-bromo acids. Or, liquid bromine is allowed to drop 
on the acid and red phosphorus. The mixture is warmed and then treated with 
water to get the a-bromo acid. Substitution invariably takes place in the 
a-position ; it is known as Hell-Volhard-Zelinsky (H.V.Z.) reaction. 


+ P+Br: Br H.O0 
RCH,COOH —?+ RCH,COBr —> RCHBrCOBr —> RCHBrCOOH 


2) w,B-unsaturated acids take up a molecule of hydrogen halide 
to.form B-halogen acids (cf-, reaction of ethylene with halogen acids, 
P- 58). ‘This is against Markownikoff's Rule (p. 62). Todo-fatty acids 


are thus made easily. 
< 
CH.=CH.COOH + HBr = CH.Br.CH..COOH. 
Acrylic acid B-Bromopropionic acid 


(8) From alkyl malonic acids, the halogen-substituted acids may 
be easily prepared by halogenation and heating: 


COOH COOH 
VV. Bra Heat 
R.C—H _> RC—Br >  RCHBr.COOH + CO, 
সর NN a-Bromo acid 
COOH COOH 


N 


Alkyl malonic acid 
4) Monochloroacetic acid is also made by hydrolysing trichloro- 
ethylene (obtained from acetylene) with 75% H,SO, at'140°. 
CHCI=CCl, + 2H.0 = CH,CICOOH + 2HCI. 
Trichloro-ethylene Monochloroacetic acid 
Monochloroacetic acid forms colourless needles (m.p. 62°), soluble 
in water; it corrodes the skin. Jt is much stronger than acetic acid 
(p. 102); it reacts with alkalis, zinc, alcohols (in the formation of esters), 
etc. Chloroacetic acid is a valuable sterilising agent; it is used in 
making synthetic indigo and carboxymethylcellulose and also in organic 
synthesis. The halogen atom can be replaced by -OH, -CN, “NH, 
groups etc., as in alkyl halides (pp. 78-75): El 
i) On heating with aqueous KOH or moist silver oxide, hydroxyacetic acid © 
or glycollic acid is formed: 
CH,CICOOH + AgOH —>7 CH.A(OH)COOH + AgCl 
Glycollic acid 
(i) With KCN, cyanacetic acid is obtained: 


CH.CICOOH + KCN = CH.A(CN)COOH + KCL 
Cyanacetic acid 
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(iii) With alcoholic ammonia, aminoacetic acid or glycine is produced : 
CH,CICOOH + 2NH, = CH.A(NH.)COOH + NH,Cl. 
Glycine 
(iv) With AgNO,, a nitro-derivative results: 
CH,CICOOH + AgNO, = CH.(NO.)COOH + AgCl. 
Nitroacetic acid 
(v) With KI, we get iodoacetic acid: 
- CH.CL-COOH + KI = CH.ICOOH + KCI. 
IJodoacetic acid 
Dichloroacetic acid is best prepared by boiling chloral hydrate 
with aqucous potassium cyanide. It is a colourless liquid (b.p. 194°), 
soluble in water, and resembles monochloroacetic acid. 


Cl OH Cl OH Cl OH 

Joel KCN Il + Til Le 
Cin aC OHNE MCI=-C—C—OH | SEE EC OH 

[dl -CI + | [+ 

H 
Chloral hydrate 
Gl 
-H+ |] 70 


Dichloroacetic acid 
Trichloroacetic acid is prepared by oxidising chloral hydrate with 
conc. nitric acid. The acid forms colourless crystals (m.p. 57-5°), highly 
corrosive. It is the strongest organic acid ; it precipitates proteins from 
a solution quantitatively. Boiling water, and more rapidly, alkalis 
decompose it into chloroform and CO,. Acids having strong electro- 


fegative groups in the e-position behave likewise (cf. malonic acid, 
Chapter XXII). 


CCL.CH(OH), + 0 = CCLCOOH + HO 
Chlorat hydrate Trichloroacetic acid 


CCl,..COOH + KOH = CHCI, + KHCO.. 
The physical constants of these acids (and acetic acid) are given below : 


es ৰ sp. gr.  mp’°C  bp°C  Kxlo 

tly 1-055 167 118 ‘0186 
Monochloroacetic acid 1°37 62 189 155 
Dichloroacetic acid 1536 11 194 51-4 
Trichloroacetic acid 


1617 575 1975 1210°0 
Bromo- and iodoacetic acids 


ন 3 R টি are all known ; they closely resemble chloro- 
CEC acids in their Properties. The strength of an acid increases, on intro- 
duction of each halogen, in the order F>> Cl> Br> I (cf. p. 102). Ethyl 
monoiodoacetate, L.CH..COOC,H,, was used in the war of 1914-18 as a tear-gas. 

Amino-acids.—If an alk 


ৰ Yl hydrogen of 4 fatty acid be replaced by 
an amino (NH,) group, we get an amino-acid. Aminoacetic add is 
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CH(NHLJCOOH. Any compound containing one or more amino 
groups and one or more carboxyl groups is an amino-acid. a-Amino- 
acids are the building stones of animal and vegetable proteins, s0 
essential for our existence. They are consequcntly obtained hE! 
proteins are hydrolysed. So far about 25 such amino-acids have thus 
been isolated. Most of them are crystalline; the simpler members 
are soluble in water. Amino-acids are generally sparingly soluble in 
alcohol and ether. Except glycine, they are all optically active (vide 
infra). Amino-acids with one acidic and one basic group, react almost 
neutral in aqueous solution. They form salts both with acids and 
bases. Hence they are amphoteric and used as buffers. The NH, 


group is far more strongly bound in amino-acids than in acid am: des. 


Thus acetamide is hydrolysed by boiling alkali (p- 166), but not amino- 
acetic acid. No ammonia is evolved when amino-acids are boiled with 


caustic alkalis. Some are sweet, many tasteless and others bitter. Their 


copper salts are blue, generally crystalline and insoluble in water ; 
so they are useful for the isolation and purification of amino-acids. 
Many form well-defined molecular compounds with metallic salts— 
their different solubilities are utilised for the separation of amino-acids. 


The simplest amino-acid, viz. amino-formic or carbamic acid, 
NH,COOH, is unknown in the free state; its ammonium sa't, 
NH,COONH,, is obtained by the direct union of CO, and NH.. 
Alkyl carbamates or urethanes are also known. The next 
member, amino-acetic acid, better known as glycine or 
lycocoll, occurs as hippuric acid (hippos, horse) or benzoyl- 
glycine, (C,H,CO)JNH.CH..COOH, in the urine of herbivorous an ma's, 
and as betaine or trimethylglycine in the beet-root molasses. Methyl- 
Jycine or sarcosine is a deconiposition product of caffeine, present in 


tea leaves. Glycine finds use in photography, pharmacy and varnish 


making. 

Glycine, CH.(NH.)COOH, represents 883% of silk and 10% 
of wool; it may be obtained by boiling glue or gelatine with dilute 
H,S0, or NaOH. But it is commonly prepared by slowly adding 
monochloroacetic acid to liquor ammonia. 

CH,Cl.COOH + 3NH, = CHANH.)COONH, + NHC. 
Monochloroacetic acid Glycine-ammonia 

Glycine-ammonia, first formed, is boiled with copper carbonate. On 
cooling, copper glycine separates, which is dissolved in boiling water and glycine 
liberated by passing HS. Copper sulphide is filtered off, and glycine crystallised 
rom the filtrate. Some di- and tri-glycollamic acids, NH(CH.COOH), and 
N(CH:.COOH), are also formed. This is a general method for obtaining amino- 


acids. a-Chloropropionic acid thus yields alanine, CH,CH(NH:)COOH, with 


ammonia. 
An aldebyd 

jive an amino-nitrile which, 

(Strecker synthesis). 


NH, HCN H.0 
HON 5 REHNEHNOR 2 RCH(NH.)CN —> RCH(NH:)COOH 


e or a ketone reacts with NH, and then with HCN to 
by acid hydrolysis, gives an «-amino-acid 


RC 
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«-Halogeno-acids and excess of NH, form ammonium salt of an 
amino-acid (Hofmann synthesis): 
RCHBrCOOH + 3NH, —> RCH(NH.:)COONH, + NH.Br 
By reduction of nitro- or cyano-acids: 


NO..CH..COOH + 6H > H.N.CH..COOH 
NC.CH..COOH + 4H —> NH..CH..CH,.COOH 


By reducing an a-keto-acid in presence of NH, with sodium and 
alcohol: 


NH; H 
RCO.COOH _> RC(:NH).COOH —> RCH(NH.)COOH 
An «-halogenated acid and Pot. phthalimide react at 150° to form 


a substituted phthalimide which, on acid hydrolysis, yields an amino- 
acid (Gabriel synthesis): 


H.O 
RCHCICOOH -- C,H (CO).NK —> C:HA(CO).NCHRCOOH 3 
RCH(NH.)COOH 


.. Propeities.—Glycine is a colourless, crystalline solid (m.p. 236° 
with decomposition, readily soluble in water. It gives a deep red 
coloration with ferric chloride, and has a sweet taste whence the name 
glycocoll (glukus, sweet; kolla, glue). The apparent dissociation con- 
stants at 25° for glycine \ are K, = 18x10-'0 (for the acid) and 
Ky = 20x 10-12 (for the base) ; so it reacts slightly acid. The PH at 
which these ionisations Are equal is called the iso-electric. point. The 
!so-clectric points of aspartic acid, glycine, histidine and arginine are 
277, 5:97, 7:59 and 10°76 respectively. In our body, glycine helps the 
elimination of toxic Substances by conjugation. 5 


Reactions.—(1) Tt is amphoteric, forming a hydrochloride with 
HCl, and a salt with alkali. k b i K 


[| 


CHA(NH.)COOH + Hal = HCI. NH.CH,.COOH. 
Glycine hydrochloride 
CH.(NH.)coOH + NaOH = CH.A(NH.)COONa +- H.0. 
Oodium amino-acetate 


(2) Copper salts form blue copper glycine, sparingly soluble in 


2NH..CH,.CooH + CuCo, 


ino-ac; +) Copper £lycine 
NTE EE I sl almost exclusively as the salt-like double ion 
fore, true Ef cid TEE (or dipolar ion). Thdey are not, there- 
2 & clds but rather Internal ammonium salts. Glycine is 
LAR Citic Shows EU BYR a-CH,.COO-. The Raman spectrum 
of glycine shows the presence of a dipolar ion in it. This is supported 
by the fact that amino-acids have 
“insoluble in organic solvents, but Fi z 
usually more soluble in SA . readily soluble in water. They are 
many other characteristic Properties of sal [ 
: ats. Furthermore, CH.I 
replaces three H-atoms in lyci MES JES 3 
LOE EN DELAY OH, groups, all linked to 


+NH,CH,CO.0- + 3CH,I = + N(CH,),.CH,co.0- + 3HL- 
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(4) Heated with soda-lime, it decomposes into methylamine and 
bo 
CH.A(NH.)COOH = CH,NH, + CO.. 
Methylamine 


(5) With formaldehyde, glycine forms methyleneglycine: 
HCHI|O + H:.INCH.COOH = CH::NCH,.COOH + H,0. 
(6) Nitrous acid converts it into a hydroxy-acid like a primar 
amine (q.v.); liberation of nitrogen is quantitative: ট 


CH. (N H.) COOH = HOCH.-COOH + N, + H,0. 
OH Ixlo Glycollic acid 


. Van Slyke’s method for the estimation of free amino groups in proteins 
is based on this reaction. Obviously, half the total volume corresponds to the 
amount of nitrogen from the amino groups. 

Glycine like other amino-acids cannot be directly titr: i 

- : ) 5 y titrated Ww. 
acids or alkalis. With neutral formaldehyde, it is A sUEOAVELLES 
methyleneglycine, CH,=N-CH,-COOH, which is then titrated with 
alkali using phenolphthalein as indicator. 

Anminopropionic acid occurs in two isomeric forms, viz., 

CH.(NH.)CH,COOH (fB-acid) and CH,CH(NH,)COOH (e-acid 
called alanine, represents 21% 8 silk. ut is textro TOLLE, | SLEDS 
about 297° and gives lactic acid with HNO,. Alanine as al: ino- 
acids behaves like glycine. 0 UC: 9) 

Serine, B-hydroxy-4-amino-propionic acid, HOCH.CH(NH.)COOH, is ob- 
tained in the racemic form (it is levo-rotatory but racemises readily) when 
proteins such as casein, gelatine, silk-fibroin, etc., are hydrolysed with acids. 
About 10% of silk is serine (Latin, sericus, silk). The racemic form decomposes 
at 246° and tastes sweet. G 

Valine, a-amino-isovaleric acid, (CH,),.CHCH(NH.)COOH, is a constituent 
of casein, Zein, penicillins, etc., and consequently obtained when they are 
hydrolysed. It forms about 3% of silk and 4% of wool. It melts at 315° 
with decomposition. 

Leucine «-amino-isocaproic acid, (CH,),.CHCH,CH(NH.)COOH, occurs in 
many animal products (e.g., in the pancreas) and is an ingredient of casein 
hemoglobin, wool (8°7%), etc. It forms glistening plates (m.p. 270°), SPENDS, 
soluble in water. Isoleucine, CH,.CH:CH(CH;)CH(NH.)COOH, is a structural 
isomer but not an ‘iso’ compound. 

Arginine. NH.C:(NH)NHCH,CH.CH,.CH(NH:)COOH, occurs ab 
(87%) in salmine (in salmon sperm) and forms about 6% of wool NE 
silk. Many vegetable proteins contain arginine. 

Aspartic acid, amino-succinic acid, HOOCCH.CH(NH,)C ; ত 
HNO,, malic acid’ Due to the presence of one -NH, and eS 
it is acidic. It occurs in Asparagus officinalis and other plants, and as EL 
wool and silk. 3 ni 

Glutamic acid. «-amino-glutaric acid, HOOCCH(NH.)CH.CH,.COOH. is 
present in many vegetable and animal proteins, and forms 10°5% of wool and 
1°8% of silk. It represents more than 40% of the protein of wheat. It is 
crystalline and decomposes at about 202°. Mono-sodium glutamate is used : 
condiment and also for flavouring foods. Ee 

Tyrosine, HOC;H,CH.CH(NH:)COOH, occurs in cheese (G 
cheese), spleen, silk (9°6%) and pancreas. It melts at 235° ৰ EEE 


soluble in water. 
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Phenylalanine, C:H,CH,.CH(NH.)COOH, is found in gelatin, egg albumin, 
cheese, etc. Wool has 23% of it and silk 13%. 

Tryptophan, C,H,N.CH..CH(NH,)COOH, occurs in most proteins but not 
in gelatin and zein and is made by digesting casein with trypsin. It melts at 
289° with decomposition. It is -indole-B-aminopropionic acid, and gives 
indole and skatole on decomposition. Acid hydrolysis of proteins destroys 
tryptophan. i 


Eight amino-acids are regarded as essential for protein synthesis in our 
body as normal growth is hampered in their absence. These have to be 
supplied through protein diet as our system cannot apparently synthesise them. 
The minimum daily requirement in grams of these acids in l-form for men 
are: leucine (1°10), methionine (1°10), phenylalanine (1°10), lysine (0°80), 
valine (0°80), isoleucine (0:70), threonine (0°50) and tryptophan (0°25). 

Cyano-acids.—If a cyano group (-CN) replaces an alkyl hydrogen 
of fatty acids, we get cyano-acids. Of these, cyano-acetic acid is 
important; the -CN group largely increases the reactivity of the 
molecule. This is utilised in various organic syntheses. 

Cyano-acetic acid, CH.(CN).COOH, is conveniently prepared by 
treating monochloroacetic acid with KCN. 

CICH,.COOH + KCN = CN.CH,COOH + KCI. 
Monochloroacetic acid Cyano-acetic acid od 

It is also obtained as the potassium salt during the preparation 
of ethyl malonate (q.v.). The acid melts at 66° and is much stronger 
than acetic acid (Ka at 25° is 8°65x107°). As an acid, it can be 
esterified ; the cyano-acetic ester, CN-CH,-COOC,H,, possessing a 
-CH,- group between two negative radicals, is highly reactive. Thus. 

(1) Bromine readily substitutes hydrogen of the CH, group: 

CNCH,COO.C,H, + Br, = CN.CHBr.COOC:H; + HBr. 
(2) Sodium replaces hydrogen of the methylene group: 
2CN.CH,.COOC,H, + 2Na = 2CN.CHNaCOOC:H; + H.. 
(8) Cyano-acetic ester, on hydrolysis, gives malonic acid: 
CNCH,-COOC,H, + 3H,0 = HOOC-CH.-COOH + C,H.OH + NH.. 
Malonic acid % 

(4) Cyano-acetic acid combines with compounds containing amido. 

Broups, e.g., urea, NH,-CO-NH.,. 


EON + HOOC-CH,-CN = NH,CO-NHCO-CH.CN + H.0. 
Tea 


QUESTIONS 


রর! 1. How is monochloroacetic acid obtained? What is its commercial use ? 
ate with equations the action of aqueous caustic potash, potassium cyanide, 
and ammonia on monochloroacetic acid. 


it 2. Describe methods for the preparation of halogen-substituted acids of 
€ fatty acids series. State their general properties. 


3. How would you estimate the amount of glycine in a sample? 


4. Give exam! i i i i i 
2 imples of some synthetic reactions in which cyanacetic ester 
is RE to give various products. 

- Pescribe the i ino-acid L 

5 preparation of any one amino-acid. How would you show 
that it Reo both as a base as well as an acid? What is the biological import- 
ance of amino-acids? B.Sc., Pass, 1950, Allahabad Uni. 


£ CHAPTER XVII 
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The hydroxy-acids.—When one or mor 
the carbon. chain of a fatty acid are placed LS EO OES I 
hydroxy-acids are formed. Chemically, they are a herd SL SEOEDS 
acids and alcohols. Of these, the mono-hydroxy-acids, re REIL 
the general formula, C,Hn(OH)COOH, are the most ee by 
are usually named by the corresponding fatty acid with Ee Nd 
‘hydroxy’; the position of the hydroxyl group is denoted by Gre k 
letters a, B, y, etc. The first member of the series, SE reek 
acid, HO.COOH, i.e., carbonic acid, behaves as a dibasic aid ES 
described later with other dibasic acids. The next, HS dro yacet er চন 
or glycollic acid, HO.CH,.COOH, is the first true representative Ee 
SEIrlCs. 

Glycollic acid, CH,OH.COOH, is found in j 
and beet or sugar-cane juice. It is commercially HEE SE RENEE 
ing, dyeing wool and nylon, de-liming hide and cleaning SOL 

Preparation.—(1) It is conveniently prepared b ili l, 
monochloroacetate with dilute EE DOEsh SA TE 

. 181). The solution is evaporated to dryness, and the mass extra Fl 

with acetone which dissolves the acid but not KCl. EE 


CH,CL.COOK + HO = CH,OH.COOH + KCI. 
Pot. monochloroacetate Glycollic acid 
(2) Technically, glycollic acid is made by the electrolytic 
oxalic acid, dissolved in dilute sulphuric acid, using 
je te) 


reduction of 
Aldehydic or ketonic acids give hydroxy-acids on 


lead electrodes. 


reduction. Y 
HOOC-COOH + 4H = CH,OH-COOH + H.0. 
Oxalic acid Glycollic acid 
CH,COCOOH + 2H = CH,CHOHCOOH. 
Pyruvic acid Lactic acid 
(83) A dihydric alcohol, on mild oxidation, gives a monohydroxy- 
acid ; dilute HNO, oxidises ethylene glycol to glycollic acid (p. 110). 
The yield is poor due to side-reaction. 
CH,OH-CH,OH + 20 = CH.OH-COOH + H.0. 
Ethylene glycol Glycollic acid 
(4) Cyanhydrins from aldehydes or ketones, on hydrolysis, form 
hydroxy-acids: 
H.C(OH)CN + 2H,0O = CH,OH.COOH + NH.. 
Formaldehyde cyanhydrin Glycollic acid 
(5) Amino-fatty acids react with HNO, and yield hydroxy-acids ; 
gives glycollic acid (p. 185). $Y Jy-acids ; 
CH,(NH.)COOH + HNO: = CH.A(OH)COOH + N, + H.0. 
Glycine Glycollic acid 
(6) On heating at 160°-170° under pressure (above 800 at 
in presence of a catalyst such as H.SO,, formaldehyde, carbon ne ) 
xide and water form glycollic acid. It is an industrial process. Replac- 


glycine 
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ing water by methanol, we get methyl glycollate which is reduced to 
glycol commercially. 


HCHO + CO + HO = HOOC.CH.OH. 


These methods, except (6), are applicable for the preparation of 


other hydroxy-acids. By (4), however, only a-hydroxy-acids can be 
obtained. 


Properties.—Hydroxy-acids are mostly liquids at ordinary tem- 
perature; glycollic acid is ‘a crystalline solid (m.p. 80°) soluble in 
water, ethanol and ether. They are more soluble in water than 
the corresponding fatty acids owing to the presence of an additional 
-OH group, and less volatile. Hydroxy-acids are stronger than the 
corresponding fatty acids. Glycollic acid has a dissociation constant 
1-49 x 107* at 25°, and acetic acid 186x105, The electrophilic -OH 
group attracts the electrons away from the hydrogen of the carboxyl 
group and allows it to escape as proton more readily (cf. chloro-acetic 
acids, p. 102). The nearer the -OH group to the -COOH, the greater 
the strength. As acids, they form salts, acid amides, esters, ctc., while 
the alcoholic -OH group can be replaced by an alkyl or acyl radical 
and so on. Their general chemical behaviour is represented by glycollic 


acid. 
Reactions of glycollic acid.—Glycollic acid forms salts with alkalis: 
CH,OHCOOH + NaOH = CH.OHCOON:a + H.0. 
Sodium glycollate 


(2) Metallic sodium replaces the hydrogen of both alcoholic and 
carboxylic -OH groups: 


H.O.CH.-COOH + 2Na = CH.(ONa).COONa + H.. 


Disodium glycollate 
(8) Similarly, PCl, replaces both carboxylic and alcoholic -OH 
Broups giving chloroacetyl chloride which readily gives chloroacetic 
acid with water. 


HO.CH.COOH + 2PCl, = CH,CI-COC! + 2POCI, + 2HCIL 


Chloroacetyl chloride 
(4) Glycollic acid reacts with an acid as an alcohol, and with an 
alcohol as an acid. In both Cases, an ester is formed; in the former, a 
free -COOH group, and in the latter, a free alcoholic group, remain 
intact. 


CH.COOI|H + HO|.CH.cCOOH <=? CH,CO.0.CH.COOH + H.0 


Acetic acid Glycollic acid Acetyl glycollic acid 
CH,OH.COO!H + HOl.C.H; ed CH.OH.CO.OC:H; + H,O 
Glycollic acid Ethyl alcohol Ethyl glycollate 


(5) Hydrogen chloride converts glycollic acid into chloroacetic 
acid ; but HI reduces it to acetic acid on heating: 


CH,OH.COOH + HCI —> CH,CL.COOH + HO. 
Monochloroacetic acid 


HI HL. 
CH.OH.COOH —> CH.L.COOH —> CH,COOH 


bs 
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6) O idati olycolli i ; 
লু EU Re IF glycollic acid first gives an aldehydic and then, 


[0) [0] 
CH.OH.COOH —> CHO.COOH 
1.COC H —> HoocC. 
Glyeollic acid Glyoxalic acid  Oxalic a 
But if it is a secondary alcoholic grou i 
k ary , AS hv ioni 
acid, first a ketonic acid and then a Ey ald is el EA 
CH,CHOH.COOH + O—> CH..CO.COOH —> CH 5 
a-Hydroxypropionic acid Pyruvic acid TEE SL 
(7) Hydroxy-acids readily lose water on heating; tt 
d . রি j? 2 fy 
depends upon the position of the -OH group. Glycolic atid SOO 
forms a cyclic ester anhydride (or a lactide) by the elimination of 2 
mols. of water from 2mols. of the acid: ko 


cO|OH  HO—CH: CO—O-— CH; 
ER ৰ) = 3! || +2H,0O. 
CH.IOH  HiooC RE Bea 
Lo BEB Lactide (glycollide) 


Here the alcoholic -OH group of one esterifies the -COOH grou 
of the other.  Glycollic acid also forms other anhydrides ip ce 
HOCH,-COOCH,COOH. All a-hydroxy-acids behave lene 
lactic acid gives the lactide when heated to 140° under reduced pressure: 
TLactides, when boiled with water, give back a-hydroxy-acids. ণ 


SET TE 
CH,CHIOH HIOOC CH,CH—0—C0O 
নত = | + 28,0. 
COOH HO'CHCH; CO—O—CHCH,; 
a-Hydroxypropionic acid or lactic acid Lactide 


B-Hydroxy-acids are readily dehydrated, on heating, to yield 
o,B-unsaturated acids: 
CH.OHCH:COOH —> CH,=CH.COOH + H.0 
B-Hydroxypropionic acid Acrylic acid 
- and $-hydroxy-acids, the alcohol and acid groups 
¢ readily form an inner ester, called lactone. In 
y-acids occur as lactones. 


In the case of Y 
of the same molecul 
fact, most of these hydrox 

CH.OH-CH.-CH,.COOH —> CH, —CH,—CH, 

y-Hydroxybutyric acid || | + H,0 
le —-CO 
Y-Butyro-lactone 


(8) Heated with dilute H,S0,, a«-hydroxy-acids form an aldehyde or 


a ketone, and formic acid: 
RCH(OH)COOH —> RCHO + HCOOH 
Hydroxypropionic acids.—There are two isomeric acids, u- ); 
The former, called lactic acid (Latin lac, milk), is much EE Lo B-. 
tant. It was first isolated in 1780 from sour milk by the Swellish 
apothecary, Scheele. is 
Lactic acid, CH CH(OH).COOH—Milk-sugar or l d 
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air. That is how lactic acid occurs in sour milk. It is also present in 
gastric juice, opium and in cucumbers. 


C,-H::0,, + HO = 4CH..CH(OH).COOH. 
Lactose Lactic acid 


Preparation. —Lactic acid may be prepared by methods described 
under glycollic acid (p. 187). For example, «-Cchloropropionic acid, on 
hydrolysis (or by the action of moist silver oxide), yields lactic acid: 


CH,CHCI.COOH —> CH,CH(OH)COOH + HCI 
a-Chloropropionic acid Lactic acid 


Commercially, however, lactic acid is made from cane-sugar, glucose or 
starch. Starch must first be hydrolysed to simpler sugars. Germany uses 
sugars of beet-molasses. To the dilute aqueous solution of the Sugar, B. lactis 
acidi is added in the form of sour milk or decaying chtese, and the temperature 
maintained at 40°-45°. Some nutritive solutions are usually supplied. Powdered 
chalk is gradually added to the fermenting liquid to neutralise most of the 
lactic acid formed, as even 1% free acid renders the bacilli inactive. In neutral 
medium, butyric fermentation sets in. Crystals of calcium lactate, 
(C,H.O,),Ca,SH,O, separate and are removed. The fermentation is continued 
fo about ten days, by which time all the sugar disappears. No carbon dioxide 
evolves during this fermentation. Methylglyoxal is believed to be an intermediate 
product. Nearly 90% of the products is lactic acid. 

C,Hi,,.0, —> 2CH,COCHO + 2H.0 —> 2CH,CH(OH)COOH 
Glucose Methylglyoxal Lactic acid 


The calcium salt is decomposed with the requisite amount of dilute H.SO.. 
Calcium sulphate is removed and lactic acid obtained by distillation under 
reduced pressure. In India, lactic acid may be made from the waste molasses 
Of sugar factories. 

Lactic acid can also be obtained by heating glucose or cane-sugar 
With caustic alkalis. 


. Properties, —Lactic acid usually exists as a colourless, viscous 
liquid, the pure acid melting at 18°. It decomposes when heated under 
ordinary pressure. The acid is miscible with water, alcohol and ether, 
and forms insoluble calcium and zinc salts. It is much stronger 
(K = 18:8 x 10-5) than acetic acid. During heating several lactides are 
formed, e.g., lactic anhydride, CH,CH(OH)CO.OCH(CH,)COOH, and 


cyclic lactide (p. 189). Anda portion of the acid suffers decomposition 
to acetaldehyde and carbon monoxide: 


CH,.CHOH.COOH = CH,.CHO + H,0 + CO. 
Lactic acid Acetaldehyde 


Heated to 140° with dilute H,SO,, lactic acid decomposes into 
acetaldehyde and formic acid; conc. H,SO, effects the same chanze 
but more readily, the formic acid being further decomposed into CO 
and HO. Lactic acid yields iodoform with iodine and alkali, as all 
compounds containing the CH,CO-C or CH,CHOH- group do (p. 80). 
Like glycollic acid, it behaves both ‘as an acid and as an alcohol, and 
Teacts likewise with alcohol, Phosphorus pentachloride, halogen acids, 
etc. On oxidation with dilute HO, and FeSO, lactic acid gives 
Pyruvic acid, a ketonic acid, which shows the Presence of a secondary 
alcoholic group. But with KMnO, it forms acetic acid. 
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CH,CH(OH)COOH + 0 —> CH,COCOOH + H.0 
ন ্ Lactic acid Pyruvic acid 2 
ses.—Lactic acid is an acidulant in ft 
e h ll ood or beverage i 
Ro is used in dyeing wool and in calico printing. je EE 
rom hides; the tanning industry consumes most of the la ves l.me 
Ethyl lactate is employed in making lacquer varnish, bei SHOE 
boiling solvent for both cellulose acetate and nitrate. ‘Cc ER GE 
is used in medicine for calcium deficiency, as a blood toa Ro 
also in baking powder. Ferrous lactate is an iron tonic 5 Ee 
lactate which is less caustic than silver nitrate, is an EE সে 
Cc an 


astringent. 

Polarised light and optical activity.—Lactic acid is th c 
cally important, being one of the simplest compounds which eoreti- 
opiical activily. It would appear from the formula that he CXL 
be only one lactic acid, but in fact there are three. Th cre shoull 
are exactly similar in their chemical reactions Ir) n ese isomers 
properties, but differ in their behaviour towards POlaxieed LE Physical 
a phenomenon where compounds, having apparently the ight. Such 
ture, differ in their optical. properties, is known as optic Es Struc- 
a form of stereo-isomerism (Greek stereos, solid). Th রি isomerism, 
called optical isomers (vide Pp. 249-50). mpounds are 

According to the wave theory, an ordinary ray of light i ১ 
dered to vibrate in all directions at right angles ght is consi- 
lt a beam of mono-chromatc gles to its path. 
light (e.g. the yellow light from 
sodium vapour lamp) be passed 
through crystals of Iceland spar ----=- 
or tourmaline, it splits up 


(calcite) 

into two, each vibrating in one 

plane only. The light is said to ) 

be polarised, and the two newly / 

formed rays have different refrac- Fig. 33. Nicol prism. 


tive indices. Consequently, by 
of Iceland spar, suitably cut, it is possible 


combining two prisms 

to have total internal reflection for one of the rays and allow th 
other to pass on. Such a combination of prisms is called a Nu চা 
prism (after William Nicol, a physicist of Edinburgh). If another যা 
rism be placed in the path of the transmitted polarised ray, the Re 
1s interesting. If the axis of the second prism be parallel to he JE 
the first, the polarised beam passes through it with full intensit no 
if the prism be rotated through 90°, the polarised ray is ] যা 
cut off due to total reflection. The second prism, called EE 
thus enables us to find the plane of vibration of the polari ন 
In intermediate positions of the analyser, light of var Fe ised ray. 
will, of course, pass through. Ying intensity 

To begin with, the olariser (the 5 

analyser are placed in He Riie EE) and the 
through the analyser with undiminished jh ton Noy ! Passes 
these two, a solution, say of turpentine or of glucose be Le 
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found that the analyser has to be rotated through a certain angle in 
order to get the original light. These solutions must have rotated 
the polarised ray either to the left, or to the right. This property, 
by virtue of which many organic as also some inorganic compounds 
turn the plane of polarised light either in clockwise or anticlockwise 
direction, is known as optical activity. Compounds which turn the 
plane towards the right, are called dextro-rotatory, while those wh:ch 
do so towards the left, are levo-rotatory. The construction of the 


polarimeter or polariscope which measures such rotation, is based on 
these facts. 


lel Oe (hb, P— = te Ss Al) 


Fig. 34. Optical parts of the polarimeter. 


In the rough sketch of the polarimeter (Fig. 84), L is the source 
of monochromatic light which emerges out parallel after passing 
through the lens, A and is incident upon the polariser, B. O, an 
Observation glass tube with glass ends, contains the substance in 
solution; D is the analyser. The field of view is observed through 
the telescope EF, connected to a graduated circular scale. The 
analyser and the circular scale rotate simultaneously. ‘The zero 
reading of the circular scale is first determined with water, noting 


Fig. 35.—Laurent’s polarimeter. 


the minimum illumination point. The tube is now filled with the 
solution to be examined, and the scale rotated until the minimum 
Ulumination point is again reached. The amount and direction of 
rotation are known from the scale. 


‘The maenitude of 
compound, 


fe rotation depends on (i) nature of the 
(1) concentration of the solution, (iti) length cof the 
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solution column traversed by the Polarised light, (zw) wave-length of 
light used, (uv) temperature of solution and (ui) medium or solvent. 
For comparison of the rotatory powers, therefore, a standard has to 
be maintained. At a definite temperature and for a particular wave- 
length of light, the rotation produced by a substance in solution 
is proportional to the length of the liquid column. The specific 
rotation or rotatory power of a substance is defined as the angle of 
rotation produced by 1 decimeter length of the solution having 1 £- 
- of the substance per c.c. If A denotes the rotation produced by a 
substance for a light of wave-length, 2, at a temperature, t, by a 
layer of solution, 1 dm. long, and having c g. per 100 c.c. of the 
solution, then its specific rotation, 


t  Ax100 
4 A 1Xc 


The molecular rotation is obtained by multiplying the specific 
rotation by the molecular weight of the substance. 


It is interesting to note that the optically active substances first 
discovered were all inorganic—some rock crystals, quartz, etc. Later 
on, crystals of potassium bromate, potassium chlorate and sodium 
periodate were found to be optically active, Optical activity in such 
cases is due to the crystalline structure, because as soon as the 
crystalline structure is destroyed by melting or dissolving in a liquid, 
the optical activity disappears. Some organic compounds as well, 
e.g», benzil, C,H;CO.CO.C,H,, exhibit optical activity only in 
crystalline state. 

J. B. Biot in 1815 first observed (Louis Malus, a French military 
engineer, discovered polarisation of light in 1808) that organic com- 
pounds such as oil of turpentine, sugar, camphor, tartaric acid, etc. 
can rotate the plane of polarised light in liquid or dissolved state. 
Optical activity of most organic compounds (and also of some inorganic 
compounds) depends on molecular structure. Practically all optically 
active organic compounds contain one or more carbon atoms whose 
four valencies have been satisfied by four different monovalent groups 
or atoms. Such a carbon is called asymmetric. These compounds 
show optical activity in solution, and also in liquid or gaseous form. 
If any two of such groups or atoms are made the same, the substance 
becomes optically inactive. ‘Thus lactic acid is optically active but 
glycollic, isobutyric and propionic acids are not. 


CH, I | eS 
HORE HO—G—H HCH HGH 

LooH COOH COOH COOH 
Lactic acid Glycollic acid Isobutyric acid Propionic acid 


In the year 1874, van’t Hoff (1852-1911) and Le Bel (1847-1930) 
(one a Dutch and the other a French but both pupils of Wurtz 
in Paris) independently, and almost simultaneously, advanced a 
theory correlating structure with optical activity and explained. the 


18 
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optical isomerism of carbon compounds. According to them, the 
isomerism is due to different spatial arrangement of atoms or radica.s 
in the molecule. They assume that the carbon atom lies at the centre 
of a regular tetrahedron, and the four valencies are directed towards 
its summits. This view of tetrahedron structure has been suppo. ted 
by X-ray. studies. Four different groups or atoms, attached to a 
carbon, give rise to optical activity. We may, therefore, predict 
Optical activity from molecular structure. It may be noted, however, 
that the carbon atom itself is not asymmetric but the molecule, . 
containing such an atom, is asymmetrically arranged. The ‘spatial 
Arrangement of atoms and groups in the lactic acid niolecule can be 
expressed in two ways: : 


COOH 


Ho H 


CH; 


Fig. 36.—Lactic acid molecules. 


These two models are not superimposable, i.e., it is impossible to 
turn them so that they may appear identical. None can be divided 
by a Plane into two identical halves. They are like the right and the 
left hand, or an object and its mirror image. Technically, they are 
called enantiomorphs. It is not possible to say which is dextro-rotatory 
Or which is levo-; a choice is arbitrarily made for convenience. The 
dextro and levo forms are denoted by the prefixes d- and l-, or by 
JH Ve and — ve sign respectively. Their sp. rotations are equal in 
magnitude but opposite in direction. An equimolecular combination 
of dextro- and levo-form gives the inactive variety. Lactic acid, a 
classical example, occurs in three forms, d-,.l- and inactive or dl-. If 
there be more than one asymmetric carbon atom in the molecule, we 
have a larger number of stereoisomers. Tartaric acid (Chapter XXV) 
1s an example. Hundreds of optically active compounds are now 
known—only in rare cases, however, an exception to van’t Hoff" and 
Le Bel’s theory has been found. Compounds like inos:tol contain no 
asymmetric carbon but are optically active in solution (vide . Chapter 
XXX). Ls 

Optical isomers of lactic acid.—(i) Inactive or dl-lactic ‘acid: 
Ordinary lactic acid of sour milk or that Prepared by fermentation or 
by synthetic methods, is optically inactive. It can, however, be resolved 
by suitable methods into the active forms—dextro and levo. (i) 
ITactic acid is obtained from the dl-acid by resolution (vide chapter 
XXV), (iii) dLactic acid (also called sarcolactic acid) results from the 
breakdown of glycogen in muscles. The transformation is reversible : 


+ 
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during rest, most of the sarcolactic acid is converted back into glycogen. 
The tree isomers have similar chemical Properties. fj 


Sarcolactic acid, para- or d-lactic acid, CH,.CHOHCOOH, occurs 
in muscles (sarkos, flesh) and was isolated therefrom by Berzelius in 
1808. It occurs in meat extract ; from the extract albumin is Precipi- 
tated with alcohol. The alcohol is distilled off and sarcolactic acid 
taken up with ether from the acidified residue. With muscular aActvity, 
the content of sarcolactic acid in tissues rapidly increases, fatigue is 
apparently due to its accumulation. " Sarcolacti¢ acid is a crysialline 
soiid (m.p. 26°), chemically similar to ordinary lactic acid. It d.ffers 
from the latter in (i) having a higher mM.p. (i) being dextro-rotatory, 
[«lo=.+98°. (iii) forming a zinc salt with 2 mols. of water of 
crystallisation (instead of 8 mols.), which is more soluble in water, 
and (iv) giving a calcium salt with 4 mols. of water (instead of 5 mols.) 
which is less soluble in water. 


Hydracrylic acid, B-hydroxypropionic acid or ethylene lactic acid, 
CH.(OH,CH,COOH, a structural isomer of lactic acid, is a thick 
syrupy liquid, soluble in water. It is Optically inactive (having no 
asymmetric carbon) and exists only in one form. On heating alone or 
with dilute H,SO,, it loses a molecule of water (ike all B-hydroxy acids, 
Pp. 189) forming acrylic acid whence the name (cf., lactic acid which 
iorms a lactide). 


CH.OH.CH.COOH —_> CH, =CH.COOH + H.O 
Hydracrylic acid Acrylic acid 
It may be prepared by hydrolysing B-chloropropionic acid, and 
synthesised from ethylene as follows: b 
CICH..CH..COOH + H.O = CH.OH.CH,COOH + HCI. 
CH, HOG EHGI KCN TES HO CH.COOH 
Cn, CH.OH ke CH.OH CH.oH 
Ethylene Ethylene chlurhvdrin Ethylene cyanbvdrin Hydracrylic acid 
On oxidation, hydracrylic acid breaks up into oxalic acid, carbon 
dioxide and water (cf., lactic acid, p. 189, which gives acetic acid). 
CH.(OH)CH..COOH + 50 = HOOC.COOH +- CO, + 2H,0. 
z Oxalic acid 
On warming with chromic acid, however, it forms malonic acid: 


HO.CH..CH..COOH + 20 = HO.CO.CH..COOH + HO. 
Hydracrylic acid Malonic acid 


The monobasic ketonic acids contain both the ketonic and the 
carboxyl group in the: molecule. Pyruvic acid or «-ketopropionic acid 
is the simplest member of the series. 

DETENTION CERCOCOOHL HED be Prepared from acetyl 
chloride by treating with KCN and hydrolysing the product (p. 168): 
Al HO 
CH,COCI —>- CH,COCN > CH.COCOOH 


Acetyl chloride Acetyl cyanide Pyruvic acid 
rE 
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Its constitution follows from this synthesis. Any «-ketonic acid 
can thus be obtained. More readily, however, pyruvic acid is made 
‘by distilling tartaric acid alone or better, with KHSO,. Here tartaric 
acid behaves as a B-hydroxy acid. Berzelius thus obtained the acid 


for the first time. Hence the old names, pyroracemic or pyrotartaric 
acid for pyruvic acid. 


CHOH.COOH CO.COOH 

| = | + CO, + HO. 
CHOH.COOH CH, 

Tartaric acid Pyruvic acid 


Oxidation of lactic acid with dilute HO, and a little FeSO, yields 
pyruvic acid (Pp. 190). Here the secondary alcoholic group is oxidised 
to a ketonic group (p. 124). Pyruvic acid may be reduced back to lactic 

+ acid with sodium amalgam and water, or zinc and acetic acid. 


[6) 
CH,CH(OH)COOH ——~> CH,COCOOH 
« Lactic acid H  Pyruvic acid 

Pyruvic acid is a colourless liquid (b.p. 165°) with a pungent 
smell, miscible with water or alcohol in all proportions. Asa ketone, 
it gives a bisulphite compound, a ‘phenylhydrazone and an oxime ; 
While as an acid, it forms salts, esters, etc. “On oxidation with dilute 
Permanganate, it splits into carbon dioxide and acetic acid: 
CH,COCOOH + O = CH,COOH + CO,. Pyruvic acid and in fact, 
all «-ketonic acids (but not other ketonic acids) reduce ammoniacal 
silver nitrate like aldehydes. This is*due to the ease with which the 
acid loses CO, on heating alone, warming with H,SO, or heating its 
salts with carbonates ; the acetaldehyde formed then acts as the 

reducing agent: 

CH,COCOOH —> CH,CHO + CO, 
1 byruvic acid is formed during biological transformation of sugars 
into alcohol or lactic acid, and ‘also during metabolism of fats and 
Proteins. It gives the iodoform test like lactic acid (p. 190). Due to 
the presence of the electrophilic -CO- group, pyruvic acid 
. (k = 96x10) is much stronger than propionic acid, CH,.CH,COOH 
(k= 0°014 x 10-3). Atophane, a remedy for gout, is made from 
pyruvic acid. 

> Acetoacetic acid, CH,CO.CH,.COOH, the simplest  B-ketonic 
COS a Ej OEE TET MTGE Eicl abundantly in 
the urine of diabetic patients. In the body, butyric acid is oxidised 
To acetoacetic acid which normally gives acetic acid on further 
Oxidation ; in diabetics, however, due to. defective oxidation, it is 
decarboxylated to acetone. Acetoacetic acid and acetone thus occur 
in their blood and urine; their toxic effect may cause death. The 
acid is unstable and Obtained only by careful hydrolysis of its ester. 
It is 2 syrupy, hygroscopic liquid, miscible with water and gives a deep 
red-violet coloration with dilute FeCl, (difference from acetone). With 
iodine and alkali, it produces iodoform. On warming, the acid rapidly 
breaks Up into acetone and carbon dioxide: 


CH,.COCH.COOH = CH.COGH, FECO:. 
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Acetoacetic™ ester, ethyl acetoacetate, CH,CO.CH,.CO.O.C,H,, 
unlike the acid, is quite stable. It is an important synthetic reagent, 
and prepared from ethyl acetate by the action of sodium in presence 
of a little ethyl alcohol. In his attempt to replace a second hydrogen. 
of acetic acid by sodium, Geuther in 1868 treated ethyl acetate with 

“ sodium and obtained a compound, which, on acidification, gave what 
we now call acetoacetic ester. 


Preparation.—Clean sodium in thin slices is added to ten times its weight 
of pure and dry ethyl acetate containing a little ethyl alcohol, taken in a flask 
fitted with a reflux condenser. The reaction, slow at the outset, becomes 
gradually vigorous. The liquid boils and hydrogen evolves. The sodium 
derivative of acetoacetic ester forms a brown mass with sodium ethoxide. This 
is treated with dilute acetic acid (1:1), to decompose the sodium derivative. 
‘The mass is then poured into a saturated sodium chloride solution, when 
ethyl acetate (unchanged) and ethyl acetoacetate separate as an oily layer. . This 
is removed and distilled, ethyl acetate (b.p. 78°) goes. off first. The fraction 
between 175°-185° is almost pure acetoacetic ester which may be further 
purified by re-distillation under reduced pressure. 

The reaction is rather complex. L. Claisen (1851-1930) showed that sodium 
and alcohol may be replaced by sodium cthoxide. According to him, the 
Stages are 

(i) 2C:H.OH + 2Na = 2C,H,.ONa + H.. 
Sodium ethoxide 


t OCH, 
(ii) CH..COO.C:H; + C,H,ONa = CH,—C—OC.H, 
Ethyl acetate NoNa 


Intermediate additive compd. 
(iii) CH,C(ONa) (OEt), + CH,COOEt = CH,C(ONa)= CHCOOEt + 2EtOH. 


Ethyl acetate Sodium cthylacetoacetate 
(iv) CH,C(ONa)=CHCOOC:,H;, + HOOCCH, 
= CH,C(OH)=CHCOOC.H; + NaOOCCH.. 
Acetoacetic ester 

Two ethyl acetate molecules are thus coupled, with elimination of a mole- 
cule of alcohol, to form ethyl acetoacetate. Reactions resulting in a longer 
carbon chain, with or without elimination of water, alcohol, etc., are called 
condensation reactions (Pp. 139). A condensation between two molecules of the 
same or different esters in presence of sodium ethoxide, as above, is known as 


Claisen condensation. kh J 

Roper USCS. A CeLOACeTIC ester is a colourless liquid 
(d, 108) boiling at 181° with slight decomposition. It has a pleasant, 
fruity odour. The ester is only slightly soluble in water but readily 
dissolves in alcohol and ether. Antipyrine, a CB 
acetoacetic ester; pyrazolone dyes are derived from it. It is also used 


in perfumery. t 
Acetoacetic ester behaves as a ketone and gives derivatives with HCN, 
NaHSO C,H, NHNH,, NH.OH, etc. It also forms B-hydroxybutyric ester, 
H(OH)CH,COOC.H., on reduction; the keto group is reduced to a 
ar alcohol group.. On hydrolysis with dilute H.SO,, it yields acetone, 
alcatol and carbon dioxide. These reactions indicate a keto group, and the 

ester should be CH,COCH,COOC:,H.. 
But metallic sodium liberates hydrogen from the ester as from. alcohols. 
neutral to litmus, dissolves in alkalis, indicating its acidic nature. 


ne RL a violet-red coloration with FeCl, in alcoholic solution like an 
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enol (en- for unsaturation, ol for alcohol) having the group, -C(OH)=C<, (e.g, 
phenols). The ester adds on bromine (in alcohol) showing a double bond. 
With PCl,, it gives B-chloro-crotonic ester, CH.CCI=CHCOOC.H.. It also 
forms an unsaturated ether, CH..C(O.CH,)= CH.COO.C,H,, with diazomethane, 
eCH,N.. So it has a hydro The ester then should 
be CH.C(OH)=CHCOOC.H.. 

This anomaly is explained by assuming that the ester is an equilibrium 
mixture of both ketonic and enolic forms. Molecular refraction and other 
Physical data support this view. Tt has been shown that 75% of the ester at 
ordinary temperature is in enol form. The degree of enolisation largely depends 


upon the nature of the Solvent, e.g., in glacial acetic acid only 5°7% is enolised 
but in petrol ether, 464%. 


CH,CO.CH,.COOC,H, <=? CH,C(OH)=CHCOOC.H, 
Ketonic form Enolic form 


If one be removed (say, the enolic form. b 
other is partly transformed into the same to attai 
has been isolated at —78° 
Petroleum. Tt forms long. col 
with alcoholic FeCl, nor does 
in pure state by distill 
coloration with FeCl,. 


Y reaction with sodium). the 
n equilibrium. The keto form 
by crystallising the keto-enol mixture from light 
Ourless needles (m.p. —39°) and gives no colorat'on 
it react with bromine. The enolic form. senarated 
ation under high vacuum. is a colourless oil; it Lives 
and readily takes up bromine. With rise of temperature, 
the pure forms ranidly nass on to the cquilibrinm mixture. Traces of alkali 
derived from ordinary Blass vessels catalyse rapidly the inter-conversion of the 
Kketo-enol forms. Both are fairly stable in quartz vessels. 

If two isomeric forms, as in the above case, exist in equilibrium, 
they are said to be tautomeric and the Phenomenon is called 
tautomerism (tauto, the same; meros, part) or desmotropism. The 
less stable one is the labile form. Such changes commonly occur by 
the ‘wandering’ of a hydrogen from one polyvalent atom to another 
within the molecule. Tautomerism, also called dynamic isomerism 
as the two forms exist in dynamic equilibrium, may involve a shift of 
Other atoms or ions. 

Synthetic Uses of R-ketonic esters.—Sodium replaces hydrogen in R-ketonic 
esters. This i 


-CH,- group occurs between two 
8 uch as -COOEt, -CN. -CO-; etc. Tn acetoacetic ester. two 
adjacent electronhilic carbonvl groups largely facilitate the escape of the hvdroaen 


Synthetic value. Tt ‘is best prepared by adding sodium ethoxide (and not 
metallic sodium) to the ester, no reduction of the ester by nascent hydrogen 
can take place. 


(a) Synthesis of Alkyl acetoacetic esters: The sodium derivative of ethvl 
acetoacetate reacts wit 


h alkyl iodide, on boiling, to produce a mono-alkyl ethyl 
acetoacetate : $ 


CH,COCHNa.COOC.H, + CHI = CH,.COCH(CH,)COOC,H, + Nal. 


This again forms 


2 a sodium derivative—the remaining hydrogen of -CH.- 
group is now replaced. 


A second alkyl group may be introduced likewise. 


Na f 
CH,COCH(CH.)COOC.H, —> H,CCO(CH,)CNaCOOC,H;, 
CH. 


2G CO(CH.)C(C,H,)COOC.H, 
Ethylmethylacetoacetic ester 


Sodium does not further react with this B-ketonic ester. 


The alkyl groups 
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are introduced one after another. Sodium derivatives of B-ketoni 
LO: টু :- - ic es 
similarly be condensed with acid chlorides : Ee 


CH,CO.NaCH.COOEt + CH,COCI = (CH,CO).CH.COOEt + NaCl. 
Diacetocthyl acetate 


(b) Synthesis of fatty acids: (Acid hydrolysis) If the ester or its alkyl 
derivative be hydrolysed with concentrated alcoholic potash, various fatty acids, 
depending upun the groups introduced, may be obtained, c.g., g 

CH,CO,CH.COO Et = 2CH,COOH + EtOH. 
OF|H HloH Acetic acid 

Ethyl acetoacetate 
RINIRS R, Rs 


SS ১ 
Similarly, CH,CO C—COO'Et = CH,COOH + CH.COOH + EtOH. 
HO!H H OH Fatty acids 
hesis of ketones: (Ketonic hydrolysis) When the ester or its alkvi 
olysed with dilute H.SO,. or dilute aqueous potash, a ketone 
Jacetoacetic ester gives methylethyl ketone. 


CO OEt = CH,COCH,CH, + CO, + EtOH. 
olH Methylethyl ketone 


(c) Syntl 
derivative is hydr 
is formed ; methy 

CH,COCH(CH:) 


H 
(d) Synthesis of cyclic compounds: (i) Pyrrole derivatives result when 
sodium salts of the ester react with iodine and subsequently with ammopia : 


CH..C(ONa):CH.CO,Et I,  CH,.CO.CH.CO;Et NH, CH,CO.CH-COL 
oS | NH 


| —- 
CH,.C(ONa):CH.CO:Et « CH..CO.CH.CO:Et CH,CO.CH-CO/ 
& Diaceto-ethyl succinate Pyrrole derivative 


(ii) Phenylhydrazine and  ethylacetoacetate finally yield a pyrazole 


derivative : 

CH,.CO.CH,COOEt -H.0O CH,.C—CH, -EIOH CH..C—CH, 
eh —> LC) —> ol 
H,N.NH.CsHs N CO.OEt N CO 
Phenylhydrazine AN 2 

CH —NH CHN 
Phnenylhydrazone Pyrazole derivative 
(iii) With urea also, acetoacetic ester gives a ring compound : 
CH,CO.CH,COOEt CH,—C—CH,—CO 
+ 
_—CO—NH, N—CO—NH 
HN Methyl-diketo-pyrimidine 


inic acid, B-acetylpropionic acid, CH.COCH.CH,COOH, is 
4 FE produced by boiling with dilute HCl any sugar 
containing six (e.g. glucose or fructose) or multiple of six (e.g, cane- 
UGE or starch) carbon atoms. The acid is Obtained pure by vacuum 
distillation. Itisa crystalline solid (m.p. 88°), highly soluble in water. 
It is used in cotton printing. y-Ketonic acids are much less reactive 
than the B- due to the absence of -CO-CH,-CO- group in HEA 
lesvulinic ester (does DOL Teac with sodium. Levulinic acid was. first 
obtained from leevulose (or fructose) whence the name. 
have both -COOH and -CHO groups in the 


Aldehydic acids চ 1 
Sealey respond to the typical reactions of these groups. The 
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simplest is glyoxalic acid, OHC.COOH, occurring in some unripe fruits. 
Dichloroacetic acid, on boiling with water, yields glyoxalic acid: 


-2HCI 
CHCLCOOH + 2H.0 _— > CH(OH).COoOH —> OHC-COOH + H,0 
Dichloroacetic acid Intermediate unstable compd. Glyoxalic acid 


Oxalic acid, on reduction with magnesium Powder, yields glyoxalic 
acid: 


HOOC-COOH + 2H = OHC-COOH + H.0. 
Oxalic acid Glyoxalic acid 


It may also be obtained by oxidising glycol (p. 110), glycollic acid or 
ethyl alcohol with nitric acid. Glyoxalic acid is commercially made by the 
electrolytic reduction of oxalic acid with lead electrodes. The acid (as also 
many of its salts) tenaciously retains one mol. of water of crystallisation. It 
is consequently regarded as a hydrate, (OH),.CHCOOH (cf., chloral hydrate, 
P. 134). The electron-attracting -COOH group apparently stabilizes the 
dihydroxy form. The anhydrous acid, obtained by keeping the aqueous solution 
over P.O; in vacuum, is a syrupy liquid. Glyoxalic acid (K. = 46X10 at 257) 
is stronger than acetic acid (K = 1:86X10-°) due to the presence of the electro- 
Philic carbonyl group at the z-position. 


‘The hydrated acid is a crystalline solid, highly soluble in water. 
It reacts with phenylhydrazine, HCN, NHLOH, ammoniacal AgNO,, 
Fehling’s solution, etc. as an aldehyde; and also forms salts with 
alkalis as an acid. On oxidation, it yields oxalic acid, and on reduction, 
glycollic acid: 


[) 2H 
HOOC-COOH <— OHC.COOH —> HOH,C-COOH 
Oxalic acid Glyoxalic acid Glycollic acid 


As an aldehyde having no a-hydrogen, it yields, with. boiling 
alkalis, oxalic and glycollic acids (as salts) by Cannizzaro reaction 
(Pp. 180). ‘The mechanism is assumed to be ester formation, the ester 
is next hydrolysed to acid and alcohol by the alkali. 


HOOC.CHO + OHC.COOH —> HOOC.CO.O.CH.COOH 
(fl 
H.O 
—> HOOC.COOH + HO.CH..COOH 
A Oxalic acid Glycollic acid 
A metal and acid reduce glyoxalic acid to tartaric acid and 
glycollic acid: 


CHOH.COOH 
3JCHO.COOH ‘+ 4H = CH.OH.COOH + | 


Glyoxalic acid Glycollic acid CH.OH.COOH 
Tartaric acid 


QUESTIONS 
1. 


f Describe the preparation of aceto-acetic ester and outline its uses in 
Synthetic organic chemistry. B.A. & B.Sc., Bombay Uni., 1937; B.A. Degree 
Exam., 1942, Madras Uni. 3 

2. What do you understand by the terms ‘optical activity’ and ‘asymmetric 
carbon atom’? Give examples of optically active and optically inactive 
* Asymmetric carbon compounds. B.Sc. Ordinary, Dacca Uni. 1935. 
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3. How can you prepare lactic acid? Wh: 5 

F থ ? at T A 

both an alcohol and an acid? Explain the isomerism or TE চস ES 

its constitution. B.Sc., 1951, Calcutta Uni.; B.Sc., 1947, NaS 05 Describe 
4. What are the general methods for the preparation of hyd LE 

Describe their main properties and show how a-, B- and EL 

Ky-aclds 


‘behave on heating. 

5. Distinguish between t 
fully, and illustrate with at least on 
Hindu Uni. * 

6. Discuss the mechanism 


automerism and stereoisomeri 
L Tism. Explai 
ce example of each. B.Sc. 1947, ESE 


of the formation 
Starting with aceto-acetic ester indicate the steps ole EE ester. 
tion of: (a) methyl n-butyl ketone, CH..CO.(CH.),.CH (BG Prepara- 
acid, CH,CH.CH.COOH. and ° (Cc) _ ‘n-propyl “ethyl CAST HDG 
‘CH,CH.CH,(CH,CH)CHCOOH. B.Sc, Degree Exam., 1942 RT 

at ai 


University. 
a note on tautomerism. B.Sc., 1941, Agra Uni. 


7. Write 
8. Describe the characteristic behaviour of a-, B- ৰ 
amino-adids BSc 142, AsradUnt B-, yhydroxy-, and 
istorical account of the development of our id 
CAS 


9. Give a brief hb : i 
regarding the phenomenon of optical activity in organic compounds 
10. How is lactic acid obtained in the laboratory? Give a 

n a-, B, and y-monohydroxy acids. B.Sc. Desree Exam 


of the action of heat 0 
1942, Madras Uni. 
11. How is ethyl acetoacetate 


formation ? Outline its principa 
1942, Travancore Uni. 
12. Discuss fully th 
use it to synthesise (a) methyl ¢ 
acid? B.Sc.’ Exam., 1946, Benares 
13. An acid X has 400% C an 


prepared? What is the me i: i 
synthetic applications. B.Sc. DEE EE 


LC constitution of acetoacetic ester. How 
thyl ketone, (b) pro) jonic aci ANE 
Tat Bo propionic acid and (c) valeric 

d 67% H. 0°11 g. of it requi 
its ethyl ester has a GEN Ee 18: 


of 0°1 IN NaOH for neutralisation ; ( 
On heating, X behave uC SC SOH,O + Y. Y is a neutral, white solid, What 
is the structure of Y? 


CHAPTER XVII 
THE AMINES 


Tf the hydrogen of ammonia, NH,, be replaced by alkyl radicals, 
we get omines. These are, therefore. substituted ammonias. Amines 
are primary, secondary or tertiary according as 1, 2 or 83 hydrogen 
atoms respectively are.replaced by alkyl groups: 

NH, RNH, R,R,NH R,R.R.N 
Ammonia Primary amine Secondary amine Tertiary amine 

The characteristic groups in the three classes of amines are NH, 
(amino), NH — (imino), and >N -— (nitrile) respectively. The a'kyl 
radical may be the same or different (giving mixed amines), saturated 
Or unsaturated. Amines closely resemble ammonia or caustic alka'ies, 
and represent the commonest of organic bases. Like the parent 
substance, they readily combine with acids forming additive salts. 


NH.,HCI CH.NH..HCIl (CH.).NH.HCI (CH,).NHCI 
mon. chloride Methylamine Dimethylamine Trimethylamine 
hydrochloride hydrochloride hydrochloride 


Besides these, there are the quaternary ammonium compounds, 
R,NX, which may be regarded as ammonium salts with the four 
hydrogen atoms replaced by alkyl groups. Tetramethyl ammonium 
chloride, (CH,),NCl, and tetramethyl ammonium hydroxide, 
(CH), NOH, are examples. Like NH,-, NR," has no free existence. 
but tetraethyl ammonium, (C,H.),N, has been obtained in liquid 
ammonia solution. Amines are generally named according to the 
constituent hydrocarbon radicals; thus C,H,NH, is cethylamine, 
CH,.NH.C,H,’ is ethylmethylamine and so on.” The Geneva Svstem 
1S sometimes used for primary amines e.g., aminoethane, CLHNH, ; 
T-aminopropane, CH,CH,-CH,-NH,, etc. 


A Isomerism of the ami i) Amines may be isomeric due to isomerism 
in the alkyl radicals, ED . 3 ” 
CH..CH,.CH.CH.NH, and (CH.),CH.CH,NH.. 
n-Butylamine Isobutylamine 
(ii) The amino 


Eroup may replace hydrogen at different positions in the 
same hydrocarbon chain, EE Lt Lo: 


CH..CH(NH,).CH,..CH, and CH..CH..CH,.CH,NH.. 
(iii) The same number of carbon and hydrogen atoms (constituting different 


CoE may be linked to an amino group. This is called metamersim 
Dp. ls 3 


(CH;),N CH,.CH,.NH.CH, CH..CH,.CH.NH, 
Trimethylamine Methylethylamine n-Pronvlamine 
(Tertiary amine) (Secondary amine) (Primary amine) 


The primary amines.—The simplest are methyl- and ethyl-amines, 
the typical representatives of the series. Methylam:ne. CH,NH,, 
occurs in brine in which herrine has been salted, and also in the 
decomposition products of alkaloids and proteins. It is a refrigerant. 


+ salts with chl 


THE AMINES 203 


Preparation.—(1) Methylamine may be prepared by boiling 
mehyl isocyanate with caustic potash. The amine escapes as a gas 
Wurtz (1817-84) discovered the method in 1848. 

CH,—N= LU + SUH = CH,NH, + K:CO.. 
Methyl] isocyanate | KOH Methylamine 


(2) Hofmann reaction. —Methylamine is conveniently made by 
reaciing acetamide with bromine and excess of caustic potash (p. 166), 
Equivalent amounts of bromine and acetamide are mixed together and 
KOH solution (10%) is slowly added until the colour due to bromine 
disappears. Acetobromamide is thus formed: 


CH..CO.NH, + Br, + KOH = CH,CONHBr + KBr + H.0. 
Acetamide Acetobromamide 
This, on warming with an excess of strong KOH solution, loses 
HBr 1nd yields methyl isocyanate by intramolecular rearrangement, 
pot. bomamide, CH,CONKBr, being an unstable intermediate product. 


CH,CON,HBr + KOH| = CH,NCO + KBr + H.0. 
Methyl isocyanate 


The isocyanate by alkaline hydrolysis gives methylamine which is 
absorbed in dilute HCI. The yield is about 90%. One C atom has 
Deen eliminated from the amide during the process. This is useful 
higher to a lower homologue. 

CH,NCO + 2KOH = CH,NH, + K:CO.. 
Methylamine 
‘© is also made by heating a mixture of formalin 

(8) MethylamF ige to 104°: At higher temperature and with 

and ammonium trimethylamine chiefly results. 


ৰ aldehyde, 
solid paraform HG + NH,Cl = CH..NH..Cl + HCOOH. 


s a colourless gas with an ammoniacal 
ia, it burns in air with a yellow flame. 
7 Ty AE RE jin alcohol and water ; the aqueous solution is 
tis highly é 
2] itmus. ¢ 3 
alkaline to li 1) Methylamine, like ammonia, readily forms white 
= formation; the valency of nitrogen thus 


in passing from a 


coc. —_Methvlamine i 
Propert eS. Unlike ammon 


Reactions.’ que to salt 
ns ete to five, the fifth being polar. 
Case: + 
+ HCI = CH..NH.CI-. 
CHNH: Methylamine hydrochloride 


behaves like ammonium hydroxide, forming 

(2) In water © droxide which is unstable. The aqueous 
methylammonlu™ aline, precipitates metallic hydroxides and is a 
SOTuOn Whi riety; methylamine, therefore, ionises in solution 
conductor 0 ) j 
like aN LE H.0 £2 CH.NH.OH > CH.NH,+ + OH- 

+ H: 

Cl + 3CH.NHaH,0 = Fe(OH: + 3CH,.NH,Cl. 
ets 


andi fact all primary amines, form double 


(8) MLE gold, platinum and mercury in presence of 


it 
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HCl. These are sparingly soluble in water and on ignition, give ute 
metal. “The platinum salts are used for the estimation of amines and 
the determination of their molecular weights (Pp. 29). 


PICI, + 2CH,NH, + 2HCI = (CH,NH..HCIPIiCL,. {্‌ 
Methylamine Methylamine chloroplatinate 


(4) Primary amines and nitrous acid yield alcohol and nitrcgen 
(cf., action of nitrous acid on ammonia, and also on acetamide, p. 166). 
Methylamine, however, forms mainly methyl nitrite (a gas which reidily 
escapes) and only a little methyl alcohol. Erhylamine gives 60% ethyl 
alcohol. But secondary and tertiary amines behave differently. 


CH.JN|H. HINH, 
t+|_ = CH,OH + N; + HO. xl = H.O + N, + HO. 
HO NO HOINlo 


Ammonium nitrite 


(5) Primary amines react with chloroform (also with bromoform 
Or iodoform) and alcoholic Potash on heating to produce carbylamines 
Or isocyanides with characteristic, intolerable smell. This serves as a 
delicate test. both for chloroform (P- 79) and primary amines. 


CH.N[|H.l + CIHCL| + 3KOH = CH,NC + 3KCI + 3H,0. 
Methyl isccyanide 


(6) Conc. HNO, oxidises Primary amines to nitramines: 


CH,NH, + HNO, = CH..NH.NO; + H.0. 
Methylamine Methyl nitramine . 


(7) Methylamine reacts with acid chlorides or anhydrides, pro- 
ducing substituted amides. These ‘are sharp-melting” crystals, useful 
for the identification of amines. 

CH.NH, + CH,COC! = CH,NH.CO.CH, + HCI. 


Methylamine Acetyl chloride Methyl acctamide 


2CH.NH, + (CH,CO).0 = 2CH,NH.CO.CH, + H.0. 

Methylamine © Acetic anhydride Methyl acetamide 
} griihylamine, C.H.NH,, may be prepared, like methylamine, by 
bY lysing ethyl isocyanate with caustic potash, or by the action of 
Tomine and caustic Potash on propionamide. 


CH,NCO + 2KOH = C.H.NH, + K,CO.. 


Ethyl isocyanate Ethylamine 
Br+KOH KOH KOH 
C,H,CONH, { C.H.NH, 
Propionamide TTS REZ CAH CONHBE => GHLNCO ES 2H; 


Propion-bromamide Ethyl isocyanate Ethylamine 


(2) Ethylene and ammonia. NH,, combine under pressure at about 
Tm. Presence of cobalt catalyst to yield ethylamine and di- 
ethylamine. Itis a commercial method. 


Ethylamine is a colourless, very volatile, inflammable liquid 
(bp. 19°). Tt has a fishy but ammoniacal odour, a biting taste and is 
highly soluble in water. It closely resembles methylamine. 


General met i ij ines. — itro- 
Parafiiessy ethods of preparation of primary amines. —(1) Nitro 


reduction with tin and hydrochloric acid, or hydrogen . 
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and a nickel catalyst, readily yield primary amines (p. 174). Milder 
EE e.g., Zinc dust and water, give alkylhydroxylamine, 
C,H,NO,; + 6H = C:H;NH; + 2H.0O. 
Nitroethane Ethylamine 
(2) Alkyl cyanides, when reduced with sodium and alcohol, give 
rimary amines (Mendius’ reaction). The yield is poor with tin and 
HOl; best results are obtained with lithium-aluminium hydride, 
LiAlH.. 
RCN + 4H = RCH.NH.. 
(8) Hydrolysis of alkyl isocyanides gives primary. amines ; secon- 
dary amines result from their reduction. 
RNC + 2H.O = RNH, + HCOOH. RNC + 4H —> RNH-CH, 
(4) By boiling alkyl isocyanates with KOH (hydrolysis), primary 
amines are obtained (p. 208). But isocyanates are difficult to make. 
(5) On passing alcohol vapour and ammonia over gently heated 


thoria. 
NH, + CH,OH = CH,NH,; + H.0. 

(6) Amides of fatty acids react with bromine and KOH, to give 
primary amines (Pp. 208). The amides are catalytically reduced to 
amines: 

R.CO.NH, + 4H —> R.CH..NH: + HO 

(7) Oximes from aldehydes and ketones, on reduction with sodium 
amalgam and acetic acid, or with hydrogen in presence of platinum or 
paladium, form primary amines in good yield.. Amines are obtained 
directly from aldehydes or ketones by passing its vapour with excess 
ammonia and hydrogen under pressure over Raney nickel at 40-150°. 

RCH=NOH + 4H = RCH.NH, + HO. 
Aldoxime Primary amine 
R.CO.R’ + NH, + H, = RR’CH.NH; + HO. 

(8) Alkyl halides, when heated to 100° in a sealed tube with 
alcoholic ammonia, give alkyl amines (Hofmann’s method). But the 
reaction proceeds further and secondary and tertiary amines, together 
with quaternary ammonium compounds, also result. With anhydrous 
liquid ammonia at 0° in place of alcoholic ammonia, a better yield of 
primary amines is obtained. 

CH.I + NH, = CH,NH..HI (Methylamine hydriodide) 

(9) By reacting a carboxylic acid, RCOOH, in conc. H,SO, solution 
with hydrazoic acid, HN,, in chloroform or benzene at room temp. 
The free amine is obtained on making the reaction mixture alkaline 
with NaOH. HN, is poisonous and explosive. 

R-COOH + HN, = R-NH; + NN; + CO.. 


(10) Distilled with barium hydroxide, amino-acids give amines: 
CHANH.)JCOOH + Ba(OH), = CH,NH, + BaCO, + HO. 


Properties of primary amines.—The first two members are 
gases; with increase in mol. wt. amines become liquids and then 
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solids. Methyl- and ecthylamine are highly soluble in water; the 
solubility decreases with rise in mol. wt. and the higher amines are 
insoluble. The lower members have a faintly ammoniacal. smell but 
the higher ones are practically odourless. Chemically, all behave like 
methylamine. They liberate nitrogen with nitrous acid, combine with 
acids to form crystalline salts which are soluble in water, give acyl 
derivatives with acetyl chloride or acetic anhydride, and doub!'e saits 
with PiCl, in presence of HCl. Aliphatic amines are somewhat stronger 
bascs than ammonia; thus in water the dissociation constant. k, of 
ammonia is 175x10-s (at 18°) while that of methylamine is 
5:00 x 107 (at 25°) and k for ethylamine is 5°6x10-! (at 25°), the 
corresponding pk values are 4°76, 3°30" and 83°25. Unexpectedly, tri- 
methylamine (k = 68 x 10-5) and triethylamine (k = 44 x10-) are 
Weaker than the corresponding mono- an di-alkylamines. Amines 
combine with picric acid, (NO,),C,H,OH, giving crystalline picrates, 
B.(NO;),C,H,OH, where B is a monoacidic base. These have sharp 
melting or decomposition points, and are useful in the identification 
of amines. Strong, alkaline oxidising agents e.g., KMnO, and NaOH, 
convert primary amines into ammonia and aldehydes, acids or ketones 
depending upon the position of the amino group in the chain. 


The secondary amines.—The simplest, dimethylamine, 
(CH,)\,NH, occurs in small amounts in pyroligneous acid (p. 85) and 
also in herring-brine. 


Preparation.—(1) Methyl iodide, heated with alcoholic ammonia 
in a sealed tube, yields dimethylamine. Primary and tertiary amines are 
also simultaneously formed together with quaternary ammonium 
compound. Their separation is troublesome. 


CHI + NH, = CH,NH..HIL.  CH.NH, + CHI = (CH,),NH.HI. 
Dimeithylami, e hydricdide 


(2) Primary amines, when heated with alkyl potassium sulphate, 
Pass on to secondary amines: 


RNH, + RKSO, = R.NH + KHSO.. 
(8) Pure dimethylamine may be prepared by heating nitroso- 
dimethylaniline with caustic soda solution. Jt is a case of hydrolysis: 


(CH,).N.C,H,.NO + H.O = HO.C,H,NO + (CH.).NH. 
Nitroso-dimethylaniline Dimethylamine 


(4) By heating a Primary amine with the calculated amount of 
alkyl iodide, we get a secondary amine: 


CH,NH, + CHI = (CH.).NH.HI. 
(5) It is manufactured by passing methanol and NH, over Al,O;, 
at 400° ; mono- and tri-methylamine are also formed. 
CH,OH CH,.OH 
CH.OH + NH, —> CH.NH, > (CHG). NH = —— (CH). N 
+ 2p + 

H.0 H.0 H.O 
(6) By reducing alkyl isocyanides: 

R.NC + 4H > R.NH.CH, 
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Properties. —Dimethylamine, a gas, can be condensed to a co'our- 
less liquid (b.p. 7°). It is basic in aqueous solution and reacts with acids 
forming crystalline salts, soluble in water. 

(1) It forms, like methylamine, complex salts with chlorides of 
platinum, gold, etc., in presence of HCI. 

2(CH.).NH + PICIL, + 2HCI = [(CH,).NH.HCI].PtCI.. 
Dimethylamine Dimeihylamine chloroplatinate 
(2) Heated with sodium, it (also methylamine) forms a salt: 
2(CH.).NH + 2Na —> 2(CH,).N-Nat + H, 


(8) Dimethylamine, and in fact, all secondary amines, react with 
nitrous acid to give nitroso-amine (cf., primary amines, P. 204). No 
nitrogen is evolved. Itis a yellow oil (b.p. 177°), volatile in steam. On 
boiling with HCl, it gives back dimethylamine (as hydrochloride). 

(CH.).N iH + HOINO = (CH,).N.NO + H.0. 
Dimetnylnitrosoamine 

(4) Acetyl chloride or acetic anhydride forms acyl derivatives with 
secondary amines as with primary. Unlike the latter, secondary amines 
do not give isocyanide with chloroform and KOH (Pp. 204). ‘They can, 
therefore, be easily distinguished from the primary. 

(CH,),NH + CH,COCI! = (CH;,),.N.OCCH, + HCl. 
Dimethylamine Dimethyl acetamide 

Dimethylamine is used widely in making herbicides and dimethyl- 
formamide (a solvent for spinning acrylic fibres) and as also an acce.e- 
rator for vulcanization of rubber. 

The tertiary amines.—lIhe simplest, trimethylamine, (CH,),N, 
is present in the distillate of the residue, left after fermentation of the 
beet-sugar molasses, in some plants, and also in the excreta of fish. 

Preparation. —(1) Heated in a sealed tube, methyl iodide and 
alcoholic ammonia form trimethylamine along with mono- and di-, 


3CH.I + NH, = N(CH;),..HI + 2HI. 
Trumethylamne hydriodide 
(2) Trimethylamine is manufactured by heating ammonium 
chloride with a large excess of dry formaldehyde in an auto.lave 
between 120-160°, or passing methanol and ammonia over alumina at 
° 
5 2NH,Cl + 9HCHO = 2(CH;),N.HCI + 3C0, + 3H.0. 
+ Trinietnylamiue hydrochloride 
CH.OH CH.OH 
CH,OH + NH, —> CHSNH, ———> (CH.).NH — > (CH.),N 
(8) Secondary or primary amines when heated with alkyl potassium 
sulphate, pass on to tertiary amines. 
(CH.).NH + CH,KSO, = (CH.),N + KHSO.. 


Trimethylamine 


4) Pure tertiary amines are, however, conveniently obtained by 
heating quaternary ammonium hydroxides (p." 209). 
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Properties.—Trimethylamine is a colourless gas, highly soluble in 
water, and has a fishy, ammoniacal odour. It resembles methylamine 
in some respects. (1) It forms salts with acids. 


(CH,),N + HCI = (CH.),N.HCI. 
“  Trimethyl ammonium chloride 


(2) With alkyl halides, it readily forms additive products called 
quaternary ammonium compounds (difference from primary and 
secondary amines). * 

(CH.).N + CHI = (CH.),NI. 
Tetramethyl ammonium iodide 

(8) Like primary and secondary, tertiary amines form complex 
salts with PtCl, in presence of HCL 


2N(CH;), + PCI, + 2HCI = [(CH,),N.HCI]PtCL,. £! 
Trimethylamine chloroplatinate 
(4) Trimethylamine (or any other tertiary amine) does not react 
with HNO, (except forming the salt, (CH,),N.-HNO,), or with acid 
chlorides. Nor does it give the isocyanide reaction. Tertiary amines 
can thus be distinguished from the primary and secondary. 


(5) A tertiary amine forms with aqueous H,O, an amine oxide. 
Trimethylamine oxide occurs in the muscles of the octopus and the 
dog-fish. 

(CH,),N + H.0; = (CH.),N->0 + H.O. 
Trimethylamine oxide 


The lower amine oxides are crystalline solids; (CH,),NO,2H,0O 
melts at 98°. These oxides are basic and form salts which are struc- 
turally similar to ammonium salts. Trimethylamine-oxide hydro- 
chloride is ((CH,),NOHJ+ CF ; the structure, (CH,),N =O is untenable 
as the electronic configuration would require 10 electrons in the outer 
shell of N in Place of 8 (cf, Pp. 87). 


“Triethylamine, (C,H.),N, is an oily liquid (b.p. 89°). It is used as 
An Insect attractant and as a warning agent in compressed gases. 
Choline chloride, used in animal feeds, is made from trimethylamine. 
Trimethylamine is manufactured by the destructive distillation of beet- 
sugar molasses which contains betaine. Methyl chloride is made from 
trimethylamine by heating under pressure with HCl. 


ASN COO —> ACH.),N + CH.=CH,; + 2C0. 
ctaine 


N(CH.)..HC! + 3HCI = 3CH,Cl + NH.Cl. 


. Quaternary ammonium compounds.—Tertiary amines combine 
With alkyl halides to form quaternary (quater, four times) ammonium 
compounds. For example, trimethylamine and methyl ‘iodide, on 
Verming, give tetramethyl ammonium iodide. They are also formed 
EEE excess of alkyl iodide is heated with alcoholic ammonia 
ঢা Eo ed tube. The reaction Proceeds rather slowly in hydrocarbons 

ers as solvent but much more quickly in alcohols or ketones. 


(CH.)N + CHI <=> [(CH.).NI+ I= 


~The quaternary 
and crystalline. They 


the ammonium s 


caustic alkalis (difference 
potash decomposes them. 
finishing agents in th 
strongly heating, 
NR.I— NR, + RL. With m 


nium hydroxide 
crystalline solid. 
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alts. 


Into a 


ammonium compounds ar 
are readily soluble in w: 
They are not decomposed 
from ammonium salts) ; 


Quaternary ammoniu 
€ textile industry. 
tertiary 
01st silv' 
is formed from the 


€ neutral, 
ater and closely resemble 


The iodides 


209 
colourless 


by boiling aqueous 
ut alcoholic caustic 
mM compounds are 
decompose, on 


amine and alkyl iodide 
er oxide, a quaternary ammo- 
iodide. ‘It is a deliquescent, 


[(CH.).N]+ | + Ag|OH = [(CH,).N]+0H- + Ag]. 


Tetramethyl ammon. hydroxide 


These hydroxides are ver 
alkalis. They liber. 


acids, and 
They decompose, 
olefine., 


Y strong 
ate ammonia from 
absorb carbon dioxide from the air 

When heated, into tertiary ami 
Tetramethyl ammoni 
trimethylamine and methanol 


um 
at about 135°. 


hydroxide, 


however, 


Dbases—almost as Strong as caustic 
ammonium salts, 


form salts with 
to give carbonates. 
DES, water and an 
Splits into 


[(C.H).NJOH = (C.HON + HO + CH,=CH,. 
+ 
[(CH.).NJOH- = (CH).N + CH,OH. 


Identification of amines 


Reagent Primary amine Secondary amine Tertiary amine 
Chloroform and Carbylamine No reaction No reaction 
alc. KOH. formed 
Nitrous acid Nitrogen evolved Oily nitrosoamine Forms the 

formed nitrite salt 
Acetyl chloride or | Forms amide Forms amide No reaction 


acetic anhydride 


Platinum chloride 
and HCI 


Forms complex 
salt 


Forms complex 
salt 


Forms complex 
salt 


Methyl iodide at 
ordinary pressure 


No reaction 


No reaction 


Quaternary ammonium salts may be distinguished 
react with any of thes 

Basic nature of amines.—An acid is 
gives hydrogen ions, and a base as one 
Difficulties, however, 
more appropriately defined as a compoun 
and a base as one that has a tendency t 


towards litmus and 


tion. 


14 


inability to 


arise with non 


Forms tetra-alkyl 
ammon. iodide 


by their neutral reaction 
€ Teagents. 
generally defined as a 
yielding hydroxyl ions, in aqueous solu- 
-aqueous solvents, and 
a having a tendency to lose a Proton, 
0 gain a proton. j 


substance that 
an acid is now 


When an acid reacts 
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with a base, a proton is transferred from one base to another. HCI dissolves 
in water with the transfer of a proton from the chloride ion (a weak base) to 
the water molecule (a relatively stronger base) as 


H:0:H + H:CI: —> LE :C ]: 
ত চৰ H ত 


Similarly, NH, dissolves in water as 


H+ 
H:N:H + H:O:H_—> মল | :0:H- 
H H 


. Like ammonia, amines are proton acceptors ; in both, the lone electron 
Palr in nitrogen readily attracts a proton and endows the molecule with basic 
Properties. Both NH, and aliphatic amines of low mol. wt. easily dissolve in 
Water ; the aqueous solution has only a small proportion of OH ions; they 
are weak bases. A high proportion of undissociated molecules occurs in the 

H 


| 
solution ; solvation takes place by hydrogen bonding as Bs IRON The 


H 
electron-releasing alkyl groups in aliphatic amines increase the electron density 
On the N which attracts the hydrogen of water more strongly on its unshared 
electron pair and helps the escape of the OH ion. Methylamine is thus a 
Stronger base than ammonia and dimetbylamine stronger than methylamine. 
Tetra-alkyl ammonium hydroxides such as [(CH,).NJ]+OH™ have no hydrogen 
attached to nitrogen ; hydrogen bonding and solvation are not possible. They 
completely ionise and behave like strong bases. A tertiary amine e.g., (CH,),N, 
1S a very weak base compared with the strong electrolyte, [(CH.),NT+OH7, as 


its ionisation in water is quite small, mainly due to hydrogen bonding, 
(CH.),N - -. HOH. 


টি Separation of the amines and quaternary ammonium compounds from a 
mixture—The mixture, containing primary, secondary and tertiary amines 
as well as quaternary ammonium salts, is first distilled with an excess of 
KOH, when all the three amines distil over except the non-volatile quaternary 
compound. The distillate contains .the three amines; they can be separated 
in two ways, viz. Hofmann’s and Hinsberg’s methods. ৰ 

(1) Hofmann’s method.—The mixture is treated with ethyl oxalate which 
forms a solid amide with the primary amine, a liquid ester with the secondary, 
but does not react with the tertiary amine. 


COIOCH. HIHNCH, CO.NHCH, 
||; PEM = | + 2C:H.OH. 
COIOCH; HIHNCH, CO.NHCH, 

Oxalic ester Primary amine Dimethyl oxamide (a solid) 
CO!OC-H, + HIN(CH,),  Co.N(CH.), 
|| Secondaryamine = | + C.HOH. 
COOC.H,; COOC,H. bl 
Oxalic ester Dimethyl oxamic ester (a liquid) 


Gaseous amines are Passed into ethyl oxalate directly. The mixture is 
distilled When the tertiary amine, having the lowest b.p., distils over. From 
the residue, solid oxamide is filtered off. Both oxamide and oxamic ester are 


then separately treated with KOH solution and the respective amines 
recovered by distillation. 
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CO|NHCH, HJOK 
Es = 2CH,NH, প JE 
CO|NHCH, HIOK Methylamine COOK 
Pot. oxalate 
COIN(CH,), HJOK COOK 
Et = (CH).NH + | + C:H.OH. 
COOI|C,H, HOIK Dimethylamine COOK 


(2) Hinsberg’s method.—The mixture of amines is treated with benzene- 
sulphonic chloride, CLH,SO,Cl, with which the Primary and secondary amines 
react, but not the tertiary. The derivative from the Primary amine ‘is acidic 
and readily soluble in aqueous NaOH, that from the secondary is neutral and 
insoluble. The method is, therefore, used also to distinguish between Primary, 
secondary and tertiary amines. 

CH,NH; + C:H.SO.Cl = CH, NHSO.C,H, + HCI. 


Methylamine Benzene methylsulphonamide 
(CH.):NH + C.HSO:Cl = (CH.).NSO.C.H, + HCI. 
Dimethylamine Benzene dimethylsulphonamide 


The whole mass is treated with 10%, KOH and shaken with ether. The 
ethereal layer, containing the tertiary amine and the sulphonic derivative of 
the secondary amine, is. removed (the sulphonic derivative of the primary 
amine remains dissolved in aqueous alkali). On distillation, the tertiary amine 
is obtained. The liquid in the flask is treated with HCl and distilled witn KOH, 
when the secondary amine is recovered. 

(CH.):NSO:.C,H; + 2HCI = (CH). NH.HC! + C,H.SO,CL. 
(CH): NH.HCI + KOH = (CH.).NH + KCI + H.0. 


The aqueous layer is similarly treated with HCl, and then distilled with 
KOH, when the primary amine is obtained. Some secondary Sulphonamides 
being soluble in water, the method is not general. In the modified method, 
Hinsberg recommends B-anthraquinone-sulphonic chloride instead of benzene- 
sulphonic chloride. With the highly efficient modern methods of fractionation, 
separation of the amines is no longer difficult. 

Descent and ascent in a homologous series.—It is possible to convert, 
through intermediate formation of amines, an alcohol or a fatty acid into 
a higher homologue and vice versa. These are only of academic interest. 


(1) Ethyl alcohol from methyl alcohol : 


P+I KCN রা Na+ alc. CHLOE, HNO, যি 
GHENT 1 CH,CH. 
TE NV te Methyl cyanide Exhylamine Er Ethyl EE 
P+HI Na ৰ Cl, a H.0 £ 
sl —> CH. .H.OH 
25 EE EET Ethane Ethyl chloride Ee en 
(2) Methyl alcohol from ethyl alcohol: 
(6) NH, 
CH,COOH —> CH,COONH, 
CER! Eg Acetic acid Ammon. acetate 
Heat Br+KOH নৰাৰ HNO, oo 
EE > 3. 
SE Rie! Methylamine Methyl alcohol 
ৰ 2 লা jd: 
tic acid from propionic acid: 
NN NH, Heat 
CH,CH,COONH, —> CH,.CH,.CONH 
CH,CH:COO OE propionate Propionamide 


Propionic acid 
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Br.+KOH HNO, [) 
ee ALEC HEN ES ICH GH OH ES CH,COOH 
Ethylamine Ethyl alcohol Acetic acid 
(4) Propionic acid from acetic acid: 
CH,COOH eh So CH.CHO i CH CH.OH 
ACEH acid, AildEith Ca: formate” Acelaldehyde — ~ Eiki eleohel 
P+I KCN H.O 
EASE CHT TS NCHGHGCN, ES CH,CH.COOH 
‘Ethyl iodide Ethyl cyanide Propionic acid 


The cyanide may be converted into propionic acid in a different way : 


f H HNO, [9) 
CH.CH,.CN —> CH,CH.CH.NH, — > CH,CH.CH.OH —> CH,CH,COOH 
Ethyl cyanide - n-Propylamine n-Propyl alcohol Propionic acid 


QUESTIONS 


,1. By what reactions can You distinguish primary, secondary and tertiary 
amines ? B.Sc. Pass, 1932, Dacca Uni. (1939, Calcutta Uni.). 


2. What are amines? How are the aliphatic primary, secondary and 


tertiary amines usually separated from a mixture? B.Sc. Pass, 1933, 
Allahabad Uni. 


3. Starting from methyl alcohol, explain illustrating your answer by 
equations, how acetic acid can be obtained. How can acetic acid be Tecon- 
Verted into methyl alcohol? B.Sc. Pass, 1932, Allahabad Uni. 


4. Describe briefly Hofmann’s method of preparing the aliphatic amines 
and state their properties and reactions. How would you distinguish between 


Primary, secondary and tertiary amines? B.Sc. Pass, 1930, Calcutta Uni. ; 
B.Sc. 1951, Gauhati Uni. 


5. Describe briefly the methods which you would employ to determine 
the mode of combination of the nitrogen atom in a substance having the 
molecular formula, C,H,N. B.Sc. Pass, 1935, Calcutta Uni. 

ন 6. What is an amine? How would you prepare mono-, di- and tri- 
Th Ylamine, and also tetraethyl ammonium hydroxide in the pure state? State 
Clr properties and uses. B.Sc. Pass, 1936, Calcutta Uni. 
SESE HE mMono-amine has a vapour density of 36; on) heating 
ESS 0! IT it opi avi °5% T.. at is its 
DFOBADLE SCHL 1t gives a quaternary salt having 55:5% I, 


¢ 8. # How can you obtain 

acetamide or nitromethane ? 
9. Discuss the eneral i lL 

{ SHEE the: 

Tesemble ammonia. & ‘al properties of the amines and show how iY 


10. What are the amines? How would you classify them? What are 
the various methods of their preparation? Indicate their characteristic 
reactions. B.Sc., 1946, Benares Hindu Uni. 


Il. How are amines prepared? Give their chemical properties. How do 
You distinguish the Various kinds of 


amines? B.Sc. 1941, Agra Uni. 


methylamine from formaldehyde, methyl alcohol, 


CHAPTER XIX 
THE CYANOGEN COMPOUNDS 


Organic cyanogen compounds are important for various syntheses. 
The -C=N group present therein, is the first ‘compound’ radical 
(Pp. 48) discovered and named by Gay-Lussac in 1815 (cyanogen means 
blue-compound-forming as Prussian blue has the” -CN group). 
Cyanogen behaves as a monovalent clement (cf. NH’), apparently 
resembling halogens. Chemically, however, there is little similarity 
between the two. 


to HCI Nac! HOCI CH,CI 
(CN), HON NaCN HOCN CH,CN 


Cyanogen, (CN), occurs in traces in blast furnace gases and coal- 
gas.  Gay-Lussac obtained it by heating silver cyanide. " Mercuric 
cyanide behaves similarly and is more convenient to employ ; the 
gas is liberated at a lower temperature if mercuric chloride is mixed 
with the cyanide. 

2ASCN = 2Ag + (CN).. 

(2) It may also be obtained by distilling anhydrous ammonium 
oxalate, or oxamide, H,N.CO.CO.NH,, with Phosphorus pentoxide, It 
is a case of dehydration. The constitution of cyanogen follows from 
this mode of formation. It is the nitrile of oxalic acid. 


CO.O.NH, P:0; “CN CO:NHi PIO MMGCN 

| = | + 4H,0 | =>. 2HIO 
CO.O.NH, CN UCO:NH; CN 

Ammon. oxalate Cyanogen Oxamide Cyanogen 


(8) Cyanogen is conveniently made by warming concentrated 
solutions of copper sulphate and potassium cyanide. Ferric chloride 
liberates the residual cyanogen from. cuprous cyanide. 


2CuSO, + 4KCN —> 2Cu(CN), + 2K,SO,  2Cu(CN), —> Cu(CN), + (CN), 
Cupric cyanide Cuprous cyanide 


Cu,(CN): + 2FeCl, = 2FeCl, + CuCl, + (CN). 


4) Cyanogen .may be directly made from its- elements by sparking 
Be SE in nitrogen: 2C + N, = (CN),. 


jes,—Cyanogen is a colourless, extremely poisonous gas 
Ea Ele bitter almonds. It can be Yerdily liquefied 
, -90°7°). From vapour density, cyanogen is found to be a 
di Eadical, (CN): ; hence the name ‘dicyanogen’. It is soluble in 4 vols. 
; the solution decomposes in various ways—ammonium oxalate 
of TEE urea, azulmic acid, C,H;ON,, etc., being formed. The 
and car a EE as a brown, amorphous precipitate. Cyanogen burns 
last one a a violet flame, forming carbon dioxide and nitrogen. On 
na Yo 400°, it forms the polymer, paracyanogen, (CN), a heavy, 
heating non-volatile powder which gives cyanogen at 800°. When 
oN ih aqucous hydrochloric acid, cyanogen is hydrolysed to 
DAE and then to ammonium oxalate. 
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HO HO 
NC-CN _—> H,NOC-CONH, —> H.NOOC-COONH, 
Cyanogen Oxamide Ammon. oxalate 
The cyanogen group is hydrolysed to a carboxyl group, a step, 
generally followed to introduce a carboxyl group into an organic 
molecule. Passed into a solution of KOH, cyanogen forms potassium 
cyanide and cyanate like chlorine. A strong solution of caustic potash 
is, therefore, a good absorbent for the gas. 


2KOH + (CN), = KCN + KCNO + H.0. 


Hydrocyanic acid, HCN, the simplest cyanogen compound, may 
be regarded as a derivative of methane, three hydrogen atoms of which 
have been replaced by a trivalent nitrogen. Scheele first obtained it 
in 1782 by heating Prussian blue with H,SO,, hence the old name 
Prussic acid; unaware of its poisonous character, he noted its smell 
and even its taste. Hydrogen cyanide occurs free in some tropical 
Plants, and in combination with glucose and benzaldehyde, as 
amygdalin in bitter almonds. 


Preparation—(1) It may be made by hydrolysing amygdalin, 
C,,H,,0,,N, with dilute H,SO, or emaulsin, an enzyme, which is 
Present in bitter almonds but in separate cells. On grinding the 
almonds with water, emulsin and amygdalin (Greek amygdale, 
almond) come in contact and hydrolysis takes place. In amygdalin, 


benzaldehyde cyanhydrin, C;H;CH(OHJCN, is coupled with two 
glucose units. 


CN 
C,H,CH' @ 


+ 2H.O = C;H,CHO + 2C,H,.0, + HCN. 
Amygdalin \0.C,.H.,0 le Coe 


দাং Benzaldehyde Glucose Hydrocyanic acid 


(2) Dilute hydrocyanic acid is conveniently prepared in the labora- 
tory by distilling potassium cyanide or more commonly, potassium 
ferrocyanide, with dilute H,SO, in a fume-chamber. A little ferrous 
sulphate improves the yield. With strong H,SO,, carbon monoxide 


and no HCN is obtained. It is chiefly manufactured from aqueous 
sodium cyanide and conc. H,SO,. 


2K,Fe(CN), + 3H.SO, = 3K,SO, + 6HCN ++ FeK,Fe(CN),. h 
Pot. ferrocyanide Ferrous pot. ferrocyanide 


Lees HOE formate, or formamide, when heated with P,0;,, 


5 Germany makes HCN from carbon monoxide, 
ammonia and methanol ; methanol is recovered and used again. 


CH.,ONa 
CO+CH,OH — > CH,OOCH 
Press. Methyl formate 


CH,OOCH + NH, —> HCONH, + CH,OH 
Formamide 


AlO;, 
HCONHs = > HECN:4+: HO 
Formamide 300° 


(4) Hydrocyanic, acid is manufactured by leading trimethylamine 
Tom beet-sugar molasses) through a fire-clay tube at 1000°: 


(CH.),N = 2CH, + HCN. 
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(5) It is also industrially made from ammonia, methane and air, 
passed over platinum catalyst at about 1500°, or by passing carb ) 
monoxide and ammonia over alumina at 500-700° 2 TA 


2CH, + 2NH, + 30, —> 2HCN + 6H,0 
CO+ NH, —> HCN + H.0 


Anhydrous hydrocyanic acid is made by passing pure HS ov 5 
cyanide, Hg(CN):, or by treating solid CES or EEE 
moderately strong H,SO,, the HCN gas evolved is dried by passin tp a 
CaCl, and then condensed to a liquid by leading to a U-tube cooled by HEE 


mixture. 


4 ‘Properties, —Pure hydrocyanic acid is a colourless, high 1 

liquid (b.p. 26°) with an odour resembling that of A 
almonds. It burns with a violet flame and is miscible with water 0 
alcohol in all proportions. Hydrocyanic acid proves fatal to man চে 
animute dose (0°05 g.). It inhibits oxidation processes in the cells. Th 

action is so rapid that antidotes (atropine, freshly prepared or e 
hydroxide, hydrogen peroxide, etc.) generally prove ur ESM a 
extremely weak acid (k at 25° is 720x100), much Wee ন 
carbonic acid (k = 8x10" at 18°). The latter, therefore, displaces it 
from its salts. That is why most metallic cyanides develop a S36 
of hydrocyanic acid on exposure to moist air. The high dielectric 


constant of the acid is explained by hydrogen bonding: 
H C=N:::-- HOSEN: HALON 


Reactions,—(1) The aqueous acid quickly decomposes, depositing, a 
brown substance, and the solution contains, among other substances 
ammonium formate. Traces of mineral acids retard this decomposi- 
tion considerably. Anhydrous hydrocyanic acid, however, keeps well 
for a long time. As HCN yields formic acid on hydrolysis, it is called 


formonitrile. 
HON + 2H,.0 = HCOOH + NH; = HCOONH,. 
Ammonium formate 


Strong HOl rapidly hydrolyses it to formamide and then to 


(2) Sv 
formic acid. 
HCN + H.0 = HCONH.. HCONH; + H.O + HCI = HCOOH + NH.Cl. 
Formamide Formic acid 
(8) On reduction ‘with sodium amalgam and acetic acid, or 
of colloidal platinum, it yields methylamine 


hydrogen in Presence ্‌ 
YY Srmation of amines from alkyl cyanides, p. 205). Hydrogen and 


hydrocyanic acid are passed over a metallic cyanide at 200°-800° for 
making methylamine commercially: 
\ 


HCN + 4H = CH.NH.. 
Methylamine 


4) Te forms cyanhydrins with most aldehydes and ketones 


(pp. 128, 188). R.CO + HCN = R.C(OH)CN. 


and alkyl halides yield alkyl cyanides (p. 74). 


Jkali cyanides 
6) i # CHI + KCN = CH,CN + KI. 
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(6) Passed into aqueous CuCl, at 70°, or ov 
catalyst at 400°, HCN and acetylene form acrylonitrile, CH,=CHCN, 
used in making synthetic rubber, some adhesives and surface Coatings. 
EL CH=CH + HCN _> CH,=CHCN 
Constitution of hydrocyanic acid.—A Primary amine, heated 
with alcoholic KOH and chloroform, gives an isocyanide (p. 204). 
Similarly, ammonia gives hydrocyanic acid when heated with chloro- 


form and KOH. From analogy, therefore, hydrocyanic acid is 
H_N=C. 


er a metallic cyanide 


H-NH, + CHCI, + 3KOH = H-N =C + 3KCI + 3H.0 
But its formation from ammonium 


(Pp. 214) as also its conversion into formic acid 
the structure H—C=N. 


formate, H.COONH,, 
on hydrolysis, suggests 


) 
H—C=N + 2H.0 = HCL + NH, 
H 


It is, therefore, believed to exist in 
inseparable due to high intercony 
(995%) of HCN ; one form 
isocyanides. 


tautomeric forms which are 
crslon rate. It consists mainly 
gives alkyl cyanides and the other alkyl 


H-C5SN > H-N2=2C 
Hydrocyanic acid Iso-hydrocyanic acid 
Uses.—Hydrocyanic acid is an important reagent in synthetic 
chemistry. In very dilute solution, 


, it is used in medicine. It is also 
ER aves for Killing insect Pests in fruit-trees which are covered with 


a cloth tent and sufficient HCN Eas introduced. ‘In Bombay, imported 
Cotton, is fumigated on the sea with HCN gas for killing boll-weevil. 
Ships. are fumigated with HCN to destroy rats and vermin. Acrylo- 


nitrile, and methacrylate and acrylate resins are made from hydro- 
cyanic acid. 


98 DUNE jrunning the product Over red-hot charcoal (800°). About 


3 = 2 sl 5 
used in makin Indios Obtained. The intermediate Product, sodamide, is 
Na +.2NH, = 2NANH, + H.. NaNH, +.C = NaCN + H,.. 

Sodamide i 


Sodium cyanide is also btained i i i ined 
TEOALEAE manufacture) With metallic Vo ene Sodium ferrocyanide (obtainec 
Na.Fe(CN), + 2Na = 6NaCN + Fe. 

Potassium Cyanide, KCN, i < $ 3 d 
mixture of K,CO, and Charcoal Prepared by passing ammonia over a heate 


# f 4 i + C+INH, = 2KCN + 3H.0. 
JE quantities “of these3cyanides are requi i D 
[ be a quired for th of gold 
silver from TE and also for electroplating. E KCN is an Ain PoLLDE 
Re in organic chemistry. Bot} Are terribly poisonous,’ causing almost 
EEO death even in Very minute doses. NaCN and KCN are readily 
and i LURE ous VEIT they are White, + crystalline 
- - Solution under | is; 
form spl SD NEE CN tng so sts ETESeS cash hei 
form complex salts such as ferrocyanid: Ee 


Cuprocyanides, etc. 
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Detection of hydrocyanic acid and cyanides.—(i) On warmi 
cyanide with HNO, and holding a glass rod dipped in AgNO, solution EE 
issuing vapour, the drop at the end of the glass rod becomes turbid—insoluble 
AgCN being formed. (ii) A solution of HCN, made alkaline with KOH, is 
boiled with a few drops of FeSO, and a drop of FeCl, ; on adding sufficient 
HCl, a precipitate of Prussian blue appears. 

Alkyl derivatives of hydrocyanic acid.—When the hydrogen of 
hydrocyanic acid is replaced by an alkyl group, two types of derivatives 
are obtained, corresponding to the tautomeric forms of the acid 
(P. 216), viz, alkyl cyanide and isocyanide. In the first, the alkyl 
group is attached directly to the carbon of HCN, and in the second, 
it is linked to the nitrogen: 


- =N. R.CS=N NTS 

EE Ay GEE TLEEE EY FETE NE AE ORTHOD 

Alkyl cyanides, R_C=N, are also called nitriles of the aci 
they give on hydrolysis. Thus, methyl cyanid i 5 Es 
Alkyl cyanides occur in bone-oil. J. cyanide, CH,CN, is acetonitrile, 

Preparation.—(1) Alkyl halides, when heated ith 
alcoholic KCN, form cyanides (p. 74) in good yield. A jie i50G aI 
is also formed, which, unlike the cyanide, is readily hydrolysed b 
dilute, HCl in the cold. Primary halides react most readily CLOUAE 
halides poorly and tertiary ones most - sluggishly. Alkyl” Pot 
sulphates, dry-distilled with KCN, yield alkyl Ccyanides with some 
isocyanide. The carbon. chain in lengthened by an additional atom. 
This is utilised in passing from a lower to a higher member in a 
‘homologous series. 
১ 2 : CHill + KICN = CH,CN + KI, 

C,H;KSO, + KCN = C.H.CN + K,SO.. 
Ethyl pot. sulphate Ethyl cyanide 

2) Ammonium salts of fatty acids, or acid amides, When distilled 

with POs, or thionyl chloride, SOC, form alkyl cyanides (p. 166). 
POs P.O; 
CH,CO.ONH, ——-— > CH:CONH. _—> CH,CN 
Ammon. acetate —-H,O0 Acetamide —H,O0 Methyl cyanide 

Alkyl cyanides are manufactured by passing a carboxylic acid and 

ammonia over alumina at 500°. 


HO Eo) 
RCOOH + NH,—> RCOONH, —> RCO.NH, —> RCN 
3) Aldoximes, on dehydration with acetyl chloride or acetic 


j i y ides. 
Ff de, yield alkyl cyani 
RE CH,CH=N.OH = CH,CN + H.0. 
Acetaldoxime Methyl cyanide 


assing HCN and an unsaturated hydrocarbon over a 


h temperature: 
(CH), C=CH, + HCN = (CH.),.CHCH:CN. 


gs, The lower alkyl cyanides are colourless, volatile 


(4) By P 
‘catalyst at hig 


Propertie ethereal odour. They are moderately soluble 
liquids HO nee in molecular weight, however, the solubility 


in water. 


ই * and the density increases ; the higher members are crystalline 
€CreaASES, 
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solids. Their reactivity is due to the triple bond. They are less poison- 
ous than hydrogen cyanide. Alkyl cyanides are not true esters as they 
do not yield alcohol and acid on hydrolysis. On reduction with nascent 
hydrogen (e.g., sodium and absolute alcohol) alkyl cyanides pass on to 
primary amines (p. 205). This is analogous to the formation of ethane 
from acetylene (p. 66) and is called Mendius reaction. 
CH,C=SN + 4H —> CH,CH..NH, 
Methyl cyanide Ethylamine 


Boiling acids or alkalis hydrolyse the CN group to an amide and 


finally to a carboxyl group; a fatty acid and. NH, are thus formed. By 
determining the ammonia, an alkyl cyanide may be estimated. 


H.0 
CH,CN + HO —> CH,CONH, —> CH,COOH + NH, 
Methyl cyanide Acetamide Acetic acid < 
Hydrolysed with 96% H,SO,, or heated with water in a sealed 
tube at 180°, alkyl cyanides give amides (Pp. 167; cf., addition of 
Water to acetylene, p. 68). The alkyl group in alkyl cyanides is, there- 
fore, attached to the carbon of -CN. 


CH,C=N + H.O = CH,CONH.. 
Methyl cyanide Acetamide 


Heated with conc. H,SO, or HCl, an alkyl cyanide and an alcohol 
form an ester: 
RCN + R’OH + H,O0 —> RCOOR’ + NH, 
Alkyl isocyanides, R-N=C,  isonitriles or carbylamines are 
isomeric with alkyl cyanides. They are prepared: (i) by distilling alkyl 
iodides with silver cyanide, alkyl isocyanides are chiefly obtained: 


CHiI + AgCN = CH,NC + Agl. 
Methyl isocyanide 


The difference in the behaviour of KCN and AgCN towards an alkyl 


halide giving alkyl cyanide and alkyl isocyanide respectively as the main 
product, is apparently due to the fact that K+[ :CsSN: ]7, an electrovalent 
compound, reacts in solution presumably by ionic mechanism. The carbon 
atom with a lone pair of electrons being more reactive than a similar nitrogen 
atom, the potential alkyl carbonium ion, Rt, gets attached to the carbon, 
giving an alkyl cyanide, R-CSN: But: Ag-C=SN: which is a covalent i.e., 
non-ionic compound, and insoluble, reacts in the solid state, probably in an 


absorption layer. The alkyl group per force goes to the nitrogen atom with 
a lone pair, forming an alkyl isocyanide : 


Ag-C=SN: + RI_y [Ag-CSN-RJ+T > R-N= C: 


In solid state or in Non-ionising medium, KCN gives, with an alkyl halide, 
a much higher proportion of isocyanide. 

(fd) Alkyl isocyanides, free from cyanides, are obtained by heating 
Primary amines with chloroform and alcoholic caustic potash (p. 79). 
This is carbylamine reaction; the alkyl group in carbylamines or 
socyanides is attached to the nitrogen atom (cf, alkyl cyanides, P- 217). 
.  Properties.—The isocyanidés are colourless, mobile liquid with 
intolerable smell, by which they may be distinguished or the 
isomeric cyanides. They are only slightly soluble in water, and more 


THE . CYANOGEN COMPOUNDS 219 


poisonous than alkyl cyanides. Their boiling points are consi 
] sider: 
lower than those of the corresponding cyanides Ff ত 
Methyl cyanide, CH,CN, b.p. 81°5°. Methyl isocyanide, CH,NC, b.p. 60°. 
Ethyl cyanide, C:H,CN, b.p. 98°. Ethyl isocyanide, CH. NC, b.p. 78°. 


Unlike cyanides, isocyanides are stable towards boilin i 
e es, . tows alkalis. 
But by dilute mineral acids, they are readily hydrolysed ন EE 
acid and a primary amine at ordinary temperature. Alkyl cyanides 
are not hydrolysed under these conditions. 
CH,NC + 2H,0 —> CH,NH, + HCOOH 
Methyl isocyanide Methylamine Formic acid 
Nascent hydrogen reduces isocyanides to secondary amines. The 
alkyl group in isocyanides is thus attached to the nitrogen. 
CH,NC + 4H = CH,NHCH.. 
Methyl isocyanide Dimethylamine 
Nd oxidising agents e.g., mercuric oxide, convert isocyanides to 
isocyanates: 
RNC + HgO = RNCO + Hs. 

Bromine in the cold, and sulphur at 100° add to the carbon 
directly: 
RNC + Br: —> RNCBr: RNC + S —> RNCS 

Isocyanides are much more reactive than cyanides due to the lone 

air of electrons on the carbon atom. On prolonged heating at about 
950°, alkyl isocyanides pass on to the corresponding cyanides: 


RNC —> RCN. 


Cyanic acid, | 
of chlorine, cyanuric 


HOCN.—On heating dry urea alone, or in a current 
acid, a trimer of cyanic acid, is obtained as crystals. 
3CO(NH.), = (HNCO), + 3NH.. 
Urea Cyanuric acid 
anuric acid in a current of carbon dioxide and con- 
in freezing mixture, cyanic acid is obtained as a 
ling like glacial acetic acid. 
(HNCO), = 3HOCN. 
Cyanuric acid Cyanic acid 
This is a case of de-polymerisation. Cyanic acid is very unstable ; 
above 05 it polymerises mainly into cyame'ide, a white solid (a second 
trimer of cyanic acid), and partly into cyanuric acid. On heating, 
Ti lide changes to cyanuric acid. Cyanic acid is rapidly decomposed 
cyame'l joxide: HOCN-+H,0O = CO,+NH.,. 


i i bon d 

into ammonia and carbo 

5 HE acid, its salts are quite stable. Alkyl cyanates are unknown. 

সা TE obtained urea by heating isomeric ammonium cyanate in 1828 
ODntie d 


EE believed to exist in tautomeric forms (cf., hydro- 
(Pp. 1. Cyanic 2 the tautomerides have not been isolated. The 


ic acid, p. 216); Lr ) 
Rana SE however, agrees with the iso-form. 
: N=C-—-OH L— H-N=C=0 : 
Cyanic acid Jsocyanic acid 
has a cyclic structure which may be enolic or ketonic ; 


ic acid ? 
Ee both (i.e., O-esters and N-esters) are known. 


By heating cy 
densing the vapour 
colourless liquid, sme 
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N 
ড N NH 
Z 
HO.C/ cOH HOC/ con 00/\co 
ll =: Ll E> tal 
NSN HN NH 
GON C.OH eo) 
Cyanic acid Cyanuric acid 


Cyanuric acid is tribasic. Cyamelide, a colourless, non-volatile solid, 
Probably results from the Polymerisation of isocyanic acid. Above 200° 


L : 
It passes over to cyanuric acid. 
[9] [) 
HN:C/ C:INH  HN':C/\C:NH 
|r ees 32 | Iz 
AN be 
C:NH HN:C 
Isocyanic acid Cyamelide 


Aykyl isocyanates or carbimides, R_N=C=0, were discovered 
by Wurtz in 1854. They are best obtained by heating alkyl iodides 
With silver or Potassium cyanate, or by the oxidation of isocyanides 
‘with HgO (p.: 219). j 

CHT + AgINCO = C,H..NCO + Agl. 
Ethyl isocyanate 


Alkyl isocyanates are intermediate products in Hofmann’s method 
of preparation” of amines from amides .(p. -203). They: are colourless 
liquids with a suffocating odour. “They boil without decomposition. By 
ন Als, Isocyanates are readily hydrolysed to primary amines and carbon 


loxide. They do DOL, therefore, behave as esters which yield alcohol 
and acid on hydrolysis. 


C:H:NCO + H,O = C,H.NH, + CO.. 
L Ethyl isocyanate Ethylamine . fl 
« The alkyl Sroup is thus attached to nitrogen and not to oxygen. 
Alkyl IsSocyanates gradually .polymerise to cyanuric esters. They react 
with alcohols and amines to form crystalline uretharies and alkyl ureas 
Which are useful in detecting these compounds, 
. C:H,OH + CH,NCO = CH,NHCO.OC,H.. 
"Methyl urethane 


Fulminic acid, C=N—0—H, isomeric with cyanic acid, is 
unstable and has Only been obtained in solution at low temperature. It 
readily polymerises to its trimer, meta-fulminic acid. Mercury fulmi- 
Date, Hg(ONC), + 3H,0, is a detonator (Latin fulminis, a thunderbolt). 
It is obtained by reacting excess of.alcohol with a solution of mercury 
in HNO,. Fulminic acid, in aqucous solution, is obtained by the action 
of mineral acids on fulminates at low temperature, The free acid is 


a deadly poison and smells like hydrocyanic acid. Alkyl fulminates are 
Unknown. 


Silver cyanate and silver fulminate are the first example of isomerism 
(p. 46) discovered by Licbig in 1823 ; after seven years Berzelius was convinced 
of such Phenomenon and coined the term ‘isomerism’, } 


Cyanamide, NH..CN, is prepared from aqueous thiourea and freshly preci- 
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pitated HgO, by heating urea with SOCI.,, or from cyanogen chioride and 
ammonia. It is tautomeric: N=CNH. => HN:C:NH 


H:N.CS.NH. + HgO —> H.N.CN + HgS + H.0 
H.N.CO.NH, + SOCI, —> H.N.CN + S0, + 2HCI 
2NH, + CNCI—> H.N.CN + NH,CI 


It forms colourless crystals (m.p. 42°), soluble in water, alcohol and ether. 
Calcium cyanamide, CaN.CN, its most important salt, is a fertiliser and was 
once a source of urea (p. 266). It is made by passing dry, pure nitrogen over 
calcium carbide at about 1000° in an electric furnace ; CaCl. or CaF, is added 
as a flux. CaC; + N,—> CaN.CN +C. Cyanamide in Water forms dicyana- 
mide at pH 7-12, which with ammonia and methanol £ives melamine, a trimer, 
at 150°. Melamine resins are derived from melamine and formaldehyde ; these 
are more resistant to heat and water than urea-formaldehyde resins. 


NH, NH 
| | 
C C 
3H.N.C.NHCN N/\N HN/ \NH 
[ E20 —> all 
HNC CNH, HN=C\ /C=NH 
Dicyanamide ঘি Melamine XE ' 


Thiocyanic acid, N= C—SH.—Thiocyanic (or sulphocyanic) acid 
occurs free in onion, and as ammonium salt in coal-gas washings. It 
may be prepared by adding the calculated amount of dilute sulphuric 
acid to potassium or barium thiocyanate. It is a pale-yellow liquid 
with a penetrating smell, miscible with water, ethanol‘or ether; cooled 
with ice, it solidifies to a crystalline mass (m.p. 50°). Itis very unstable 
and polymerises readily. Thiocyanic acid is a strong acid, almost as 
strong as mineral acids. It appears to be tautomeric; salts and esters 
of both forms are known. 

N=C-SH <> HN=C=S 
Thiocyanic acid Isothiocyanic acid 

Potassium thiocyanate, KSCN, is made by fusing KCN with 
sulphur. The fused mass is extracted with alcohol, in which the salt 
is soluble. The extract, on cooling, gives colourless crystals of the salt. 
It is used in cotton dyeing and calico printing as a mordant, in medicine 
to relieve high blood pressure, and also in inorganic analysis. Mercury 

d ammonium thiocyanates are important. The latter is obtained 
VE he aqueous extract of ‘spent oxide’ from coal-gas manufacture, 
EE delicate reagent for ferric ion. Mercuric thiocyanate, on 
Cee pufts up and gives a voluminous, snake-like ash (Pharaoh's 


A ] thiocyanates, R—S—C=N, are obtained by heating an aikyl 


i i hiocyanate: 
halide with potassium t ur 
HI = KI + CH.S—C=N. 
KSCN + C CHS EN, 
ও ates are volatile liquids with garlic-like odour, in- 
Alkyl TR constitution follows from their products of 
soluble in W idation. With zinc and H.SO,, they yield alkyl hydro- 


Agi i nercaptes Fuming HNO, oxidises them to alkyl 
sulphides 


sulphonic acids! 
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[6) 2H 
CH,SO,H <— CH,SCN _> CHYSH+ HCN 
Methylsulphonic acid Methyl thiocyanate Methyl mercaptan 
In alkyl thiocyanates, the alkyl group is attached to sulphur. With 
chlorine-water, they form sulphonyl chlorides: R.SCN-+Cl,+H,0—> 


TE UA They partly pass on to isothiocyanates on heating 
to 180°. 


Alkyl isothiocyanates or mustard oils, R-N=C=S5, are obtained 
by reacting carbon disulphide with primary amines. A dithiocarba- 
mate, first formed, is decomposed with HgCl, or AgNO,. 

CH,NH, + CS, + CH,NH, = CH, NH—CS—SH.H.N.CH.,. 
Methylamine Methyl thiocarbamate 
CH,NH-CS-SH.H.N.CH, + HgCl, = CH,N-CS + CH,NH, + HgS + 2HCl. 
Methyl isothiocyanate 


. This is a sensitive test for primary amines, known as Hofmann’s mustard 
oil reaction ; the ‘mustard oil’ is recognised by its characteristic pungent smell. 


Alkyl isothiocyanates possess the strong odour of crushed black 
mustard seed and ‘are hence called mustard oils. The active princip!e 
of odour is allyl isothiocyanate, CH,=CH.CH,.NCS, a pungent oily 
liquid (b.p. 151°). It occurs in the seed as a glucoside, sinigrin, which 
on hydrolysis gives allyl isothiocyanate. During extraction of mustard 
oil by pressure, some of it passes into the oil. Yellow mustard seed 
contains sinalbin which, on hydrolysis, yields p-oxybenzyl isothio- 
cyanate. Any oil, mixed with a little allyl isothiocyanate, smells like 
mustard oil. 


Isothiocyanates are colourless, oily liquids, insoluble in water. On 
hydrolysis with boiling HCl, they yield primary amines: 
CH,NCS + 2H,0O = CH,NH, + CO, + HS. 
Methyl isothiocyanate Methylamine ট 
. On reduction with zinc and H,SO,, they form a primary amine and 
thio-formaldehyde : 
CH,NCS + 4H = CH..NH, + H:CS. 
Methylamine  Thioformaldehyde 


| In isothiocyanates, the alkyl group is, therefore, attached to the 
nitrogen. 


QUESTIONS 


f 1. How would you obtain cyanogen in the laboratory? State some of 
its properties. What is the action of KOH, and boiling HCl upon it? 


2. How is hydrocyanic acid prepared? Describe the action of hydro- 


lysing and reducing agents upon HCN. 

3. Describe the characteristic reactions of the following groups: -CN, 
-CH,.OH, -NH,, -OH and -CHO. B.Sc Pass, 1929, Calcutta University. 

4. What are ‘mustard oils’? Why are they so called? How are they 
prepared ? 

5. How would you distinguish methyl cyanide from methyl isocyanide, 
and ethyl thiocyanate from the isothiocyanate ? C 

6. How can you introduce a -COOH group into a hydrocarbon? Is it 
Possible to get back ihe hydrocarbon from the acid formed? If so, how? 


be CHAPTER XX 
THE ALIPHATIC SULPHUR COMPOUNDS 


The close analogy between oxygen and sulphur as members of 
the same group in the periodic table 1s largely manifested also in organic 
compounds ; we have a series of thio-derivatives (Greek theios, sulphur) 
corresponding to organic compounds containing oxygen: 


R—O—H R—O—R R—CHO R—CO—R 
Alcohol Ether Aldehyde Ketone 
R—S—H R—S—R R—CHS R—CS—R 
Thio-alcohol Thio-ether Thio-aldehyde Thio-ketone, etc. 


Of these, the thio-alcohols and the thio-ethers are the most 
important. In their behaviour, especially towards oxidants, they differ 
from their oxygen analogues. 

Thio-alcohols, thiols or mercaptans, R-SH, may be regarded as 
derived from alcohol by the replacement of oxygen with sulphur, or 
as derivatives of HS, one hydrogen atom of which has been replaced 
by an alkyl radical. They are also called ‘mercaptans’, for with great 
avidity they combine with mercury salts forming mercury mercaptides 
(mercurium, mercury, and captans, seizing). They occur in petroleum. 
‘The -SH group is called mercapto or sulph-hydryl. 

Preparation.—(1) Mercaptans may be prepared by refluxing either 
alkyl halides or cheaper potassium alkyl sulphates with KSH in alcohol 
(Pp. 74). The mercaptan separates on adding water. 

CHIL + KISH = CHSH + KI. CH,|KSO. + KISH = CH.SH + K:SO.. 
Methyl mercaptan 

(2) On heating alcohols with phosphorus pentasulphide, PS, or 

P,S,, We get mercaptans in poor yield. by 
5C.H,OH + P:S; = SC:H:SH + PO: 
Ethyl mercaptan 

(8) By passing HS and alcohol vapour over thorium oxide at 
800-350°, thio-alcohols are obtained. 

ROH + HS <2 RSH + H:0 


in liquid phase add up HS in ultra-violet light to form 
ত GIDEA may be TEE to HA OSULG with zinc 
dust and boiling dilute H,SO.. 
RCH=CH, + H.S = RCH,CH.SH. RSSR + 2H = 2RSH. 
Properties.—Ihe mercaptans are highly volatile liquids (except 
methyl mercaptan which is a gas) at ordinary temperature. The lower 
members possess an extremely nauseating odour but the higher ones 
have rather pleasant sruell. Unlike alcohols, they are Practically 
insoluble in water, as they cannot form hydrogen bonds with water. 
They dissolve in alcohol and ether. The lower members boil at much 
lower temperature than the corresponding alcohols. The low b.p. and 
low solubility in water are apparently due to the poor ability of sulphur 


trisulphide, 
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to form hydrogen bonds. The mercaptans behave as weak acids, the 

are more acidic than alcohols (HS is more acidic than HO). With 
aqucous NaOH or KOH, they form salts which are readily hydrolysed 
by water. Metals can replace the hydrogen in the mercaptans forming 
mercaptides. Sodium and potassium liberate hydrogen irom them as 


from alcohols (p. 92). With HgO or HgCl., they form insoluble 
covalent mercury mercaptides 


RSH + NaOH ——~> RSNa + H.0 
Sodium alkyl mercaptide 
2RSH + HgO = RS.Hg.SR + H.0. 
Mercury mercaptide 
2RSH + HgCl, = RS.Hg.SR + 2HCI. 


Mercaptans are readily oxidised by air or mild oxidising agents 
such as H,O,, to disulphides, and by nitric acid or KMnoO, to sulphonic 
acids. Iodine and sodium mercaptide give a disulphide which is reduced 
back to thiol by zinc dust and acid. 

2C:H,SH + O = C:H.S.SC.H;, + H.0. 
¢ Diethyl disulphide 
C.H.SH + 30 = C.H.,.SO..H. k f 
Ethyl sulphonic acid 
2C,H.SNa + I, = C,H.S.S.C:H; + 2Nal. 
Diethyl disulphide 

With carboxylic acids, mercaptans, like alcohols, yield ester and 

Water. 


RS|H + HO|OCR, <=> RSOCR, + HO 
Thio ester 


Ethyl mercaptan, ethanethiol, C,H.SH, the most important 
member of the family, has an extremely disgusting odour, and is simply 
ed Mercaptan’. It is added to natural gas in U.S.A. for detecting 
caks in gas Pipes. It is a colourless liquid (b.p. 86°), slightly soluble in 
SE The foul odour of crude petroleum, mainly due to mercaptans, 
etc, ES removed by treating the oil with lead salts NaOH, CuCl, 

C. Thiols are intermediates in the synthesis of vat dyes. 


Sulphonal, (CH), = C-(SO.C.H,),.—Acetone condenses with ethyl mer- 


Rosle DB 129) of HCl gas to form acetone mercaptol (cf., formation of 


Which, on Oxidation with KMnO, solution, gives sulphonal : 


HISC.H, H.0 40 
(CH),C| 0 + =>  (CH.).C(SC,H,), —> (CH.),C(SO,.C.H.), 
HISCH, Acetone mercaptol Sulphonal 


Sulphonal is a colourless, crystalli: :ompound (m 26° in hot 

W: i s CTY .p. 126°), soluble in ho 

EOL BE ESS S stalline compo ) i 
(CH (C,H. )C= (SOC Hy ine drug (soporific). Two other Soporifics, tri 


: t J =(SO,C,H.)., repared 
similarly from methylets1 tone CHC (SOIC: HD) ATCT 


not quite satisfactory as sul 
from, the system. 


Ketone and diethyl ketone respectively. These are 
Phonal for their slow absorption in, and elimination 


Ee Thio-ethers or alkyl sulphides, R.S.R, may be regarded as 
ethers in Which the oxygen atom has been replaced by sulphur, or as 
AyCTOgen sulphide in Which both the hydrogen atoms have been substi 
tuted by alky) groups, same or different J 
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Preparation.—(i) By heating alkyl halides with Potassium sulphide 
or sodium alkyl mercaptide, R.SNa, in alcohol. 
2C:HS:I + K:S = (C.H.):S + 2KI 
Ethyl sulphide 
CHI + C.H,SNa = (C.H.).S + Nal. 
(®) By heating an ether with phosphorus pentasulphide, P,S,. 
SC:H:OC:H; + PS; = SC.H.SC.H;, + P.0.. 
ৰড Ethyl sulphide 
(fi) By passing mercaptans over ZnS and Al,O, at about 300°. 
2RSH —> R-S-R + HS j 
(iv) A thiol adds to an olefine in Presence of a peroxide to give a 
thio-ether: ড় 
R.CH=CH,; + R’SH —> R.CH..CH..S.R’ H 
Properties.—Alkyl sulphides are neutral, volatile liquids, with 
a disagreeable smell when impure. Pure thioethers have ethereal 
smell. They boil at higher temperatures than the corresponding 
mercaptans and ethers, and are insoluble in water. The bivalent 
sulphur has a tendency to Pass over to the tetra- or hexa-valent state. 
Thus, on mild oxidation (with HO, in acetic acid at room temp.), 
thio-ethers yield sulphoxides, R,SO, and on further oxidation (with 
boiling KMnO, solution), sulphones, R,SO,, are formed. The structures 
of sulphoxides and sulphones are uncertain ; they may have one and 
two dative bonds according to the octet rule, or only double bonds. 


Bond length measurement of S—O in these compounds supports the 
double bond structure. ES 


J © TR 0 R ) 
RES ER NDS OE DIE . 
R ANG 
O R OMERI 0 
Ne NL 
RES REA SHOPS 
by RS R/ No 


With alkyl halides, alkyl sulphides form sulphonium salts which 
are stable at ordinary temperature but dissociate on heating. With 
moist AgO, the latter yield sulphonium hydroxides (cf. quaternary alkyl 
ammonium compounds, p. 209) which are strong bases. 5 fe 
RS + RX —>(RSS)JFXT  (R,S)+XT + AgOH —> (R.S)+OH- 

Trialkyl sulphonium hydroxide 

‘Mustard gas’, BB’-dichloro-diethyl sulphide, S(CH.CH.CI)., was used as a 
‘poison gas’ in the war of 1914-18 by the Germans and later on, by the allies. 
It is prepared by passing ethylene into sulphur chloride: 

S:Cl, + 2CH,=CH, = S(CH,.CH.Cl), + S. 

Mustard ‘gas’ is really a heavy, colourless oily liquid (b.p. 216°), with a 
faint, mustard-like odour and almost insoluble in Water. Its vapours are 
highly vesicant, producing painful blisters on the skin ; it can penetrate rubber 
and even thick boots. The vapours are, however, absorbed by active ‘charcoal. 
Bleaching powder or chlorine readily converts mustard gas into its Sulphoxide 
which is harmless. One part'in 13000 is. fatal if breathed for five minutes. 
The isomeric aa’-compound, S(CH,.CHCI)., is innocuous. 

Alkyl sulphonic acids, RSO.H, are produced from mercaptans 
by oxidation with strong nitric acid. 


15 
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Ge CH.SH + 30 —> CH,SO,H 
Methyl mercaptan Methyl sulphonic acid 
Potassium alkyl sulphonates are formed by heating alkyl halides and K:,SO.. 
CHIL + KISO,K = C.H.SO,K + KI. 
From sodium bisulphite and an olefine in presence of a peroxide: 
NE 3 RCH=CH, + NaHSO, = RCH,.CH,SO,Na. 

They may also be obtained from the higher paraffins by the action 
of fuming H,SO, (p. 50). These are strong, monobasic acids, highly 
hygroscopic; alkyl sulphonic acids can be reduced back to mercaptans, 
but are not hydrolysed by alkali. Lower members ‘are thick liquids, 
higher members are crystalline solids, readily soluble in water. 
Sulphonic ‘acids and ‘their salts are odourless. In sulphonic acids, 
sulphur is linked to the carbon atom. They are distinct from the 
isomeric alkyl hydrogen sulphites which are esters and readily hydro- 
lysed by alkali: 


R [) R [0] HO HO 
DAA NS ১S ১১ 
5 or b) S=0 or S—>0 
HO/ "Ny HO/ No. ‘R-0Z R-0/ 
Ur Alkyl hydrogen sulphite 


Sulphonic acid 


ৰি With PCl,, the sulphonic acids form sulphonyl chlorides which give esters 
with alcohols. The sulphonic acids cannot be esterified directly with alcohols. 


RSO,H + PCl,; —> RSO;,Cl + HCl + POCI,. 
পা RSO,Cl + R’OH —> RSO;R’ + HCI 
Alkyl derivatives of phosphorus and arsenic.—Nitrogen, phosphorus and 


arsenic, members of the same group in the periodic table, form similar alkyl 
derivatives. 


The phosphines.—The hydrogen atoms of phosphine, PH, like those of 
NH,;, are replaceable by alkyl groups, and we have primary, RPH;, secondary, 
sPH, and tertiary, R,P, phosphines, as well as quaternary phosphonium 
EEE R.PX. Alkyl phosphines resemble the alkyl amines, but they are 
ess basic and more susceptible to oxidation than the amines. Alkyl phosphines 
Are more basic than PH, (cf. amines, p. 206). 
Hee rcDnBlione Only tertiary and quaternary compounds are obtained by 
TaCEL |) osphine and an alkyl iodide (cf., formation of amines, p. 205). The 
T is soluble in water but not the former, their separation is easy. 


PH, + 3CH.I = P(CH),. HI + 2H. 
Trimethyl phosphonium hydriodide 


P(CH,), + CHI = P(CH.).1L. ‘ll 
2, Tetramethyl phosphonium iodide 
K EGY Phosphines result on heating alkyl iodides with phosphonium 
iodide, or reacting phosphorus trihalide with excess Grignard reagent. 
PHI + 3CH,I = P(CH.)..HI + 3HI. 
3RMegBr + PCl, = RP + 3MEgCIBr. 
The secondary and primary (but not the tertiary) phosphines are obtained 
by heating phosphonium iodide with alkyl iodide in presence of zinc oxide. 
2PH.I + 2C,H.I + ZnO = 2PH.A(CH.)HI + Znl, + HO. 
Ethylphosphine hydriodide 
PHI + 2C.H.I + ZnO = PH(C,H.).HI + Znl, + HO. 
DiethyIphosphine hydriodide 
Salts of Primary phosphines are readily decomposed by water but not those 


of other . tog « 2 ৰ E 
from! the BEE RETS. Hence a secondary phosphine can be easily separated 
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Properties.—Methyl phosphine is a gas (b.p. —14°), but others are colour- 
less liquids with unpleasant odour and a bitter taste. They are sparingly soluble 
in water, and being feeble bases, do not affect litmus. There is no hydrogen 
bonding in phosphines; this explains the low b.p. of phosphine and its alkyl 
derivatives and their slight solubility in water, compared with the corresponding 
nitrogen derivatives. They form water-soluble salts with acids, and are highly 
poisonous. The lower members are spontaneously inflammable. Phosphines are 
readily oxidised by air. Conc. HNO, converts primary and secondary phosphines 
into acids : 


P(CH.)H, + 30 —> OP(CH;) (OH), methylphosphinic acid 


P(C,H.).H + 20 —> OP(C,H.).(OH), diethylphosphinic acid 
Tertiary phosphines form very stable oxides on exposure to air and also 
by the action of HNO; (cf. amine oxides, p. 208); the oxygen cannot be 
removed on heating with sodium. 
P(CH;), + O = (CH.),.PO 
Trimethylphosphine oxide 
Quaternary phosphonium compounds, on treatment with moist silver oxide, 
give corresponding tetra-alkyl phosphonium hydroxides. These are as strong 
bases as tetra-alkyl ammonium hydroxides, absorbing CO, from the air, and 
giving strongly alkaline aqueous solutions. The base, on heating, splits up 
into a phosphone oxide and a paraffin (cf., ammonium bases, p. 209). 


EE 5 
[P(C:H).J+HI + Ag|OH = [P(C,H.),JOH + AgL 
Tetracthyl phosphonium hydroxide 
[(C:H.),P]+OH- = (C.H.),PO + C,H.. 

Unlike nitrogen, phosphorus can form a decet in its valency shell and exhibit 
pentavalency, €.8., R3PX., PCl,, etc. Oxygen compounds of phosphorus, in its 
highest valence state, may have a double bond between P and one of its O atoms 
but as these compounds behave more or less like those with a semipolar bond, 
the bond is possibly intermediate in character; RPO, for example, is better 
represented by RiP>O <-> RP OU 


The arsines.—The alkyl derivatives of arsenic are called arsines. We have 
primary, secondary and tertiary arsines as well as quaternary arsonium com- 
pounds. The arsines, however, possess no basic Property and form no salts ; 
they are insoluble in water. They are colourless liquids (except monomethyl 
arsine which is a £as), with a stupefying odour and are poisonous. The tertiary 
arsines are obtained by the action Of arsenious halides on excess of Grignard 
reagent, or by heating sodium arsenide with alkyl iodide : 

AsBr, + 3CH..Mg.I = As(CH;), + 3Br.Msg.I. 
Trimetnyl arsine 


AsNa, + 3CH,I = As(CH.), + 3Nal. 


iary arsines form quaternary arsonium compounds with alkyl 
k AS AGREE RES [AsR,J+I” (tetra-alkyl arsonium iodide). These, with 
te klTER oxide, yield TT TOT PICO En are strong bases 
pr < ন itrogen and phosphorus derivatives, and on heating, split up into 
like similar nitrog nd a paraffin. 


trialkylarsonoxide al paraffin. 
AsR.IL+ AglOH = [AsR.J+OH™ + Agl. 


Heat 
[R.As]JFOH- —> R.AsO + RH 
Tertiary arsines readily take up oxygen from the air and form oxides : 
i ASR, + O —> OASR,, trialkyl arsonium oxide 


L econdary arsines may be prepared by reducing mono- and 
l, EE RHLASO, and R.HASsO, respectively with zinc and 
Spe BEd! Dialkylchloroarsine on reduction gives secondary arsine. 
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R.AsO;H + 7H —> R.AsH, + 3H.O 
Primary arsine 
R.AsCl + 2H —> R.AsH + HCI 
Secondary arsine 
The arsines are readily oxidised by air: 
CH,AsH, + 30 —> CH.As(OH).0 
Methylarsonic acid 
(CH;).AsH + 20 —> (CH.),As(OH)O 
Dimethylarsonic acid 
(CH;),As + O —> (CH,),AsO 
Trimethylarsenoxide 


Cacodyl oxide, dimethyl arsenic oxide, (CH;).As-O-As(CH,)..—When equal 
amounts of arsenious oxide and potassium acetate are distilled, a fuming liquid 
passes over. Jt is cacodyl oxide, so named by Berzelius for its intolerable 
smell (Greek kalodes, stinking). Cadet thus discovered it in 1760. 

AsO, + 4CH,COOK = O[As(CH;).]: + 2C0,; + 2K,CO.. 
Cacodyl oxide 


This reaction which is very delicate, is utilised for detecting acetic acid 
(p. 152) or arsenic. Cacodyl oxide is a liquid (b.p. 150°), insoluble in water, 
alcohol or ether, and extremely poisonous. It is spontaneously inflammable due 
to the presence of cacodyl, As.(CH,),, as impurity. Cacodyl oxide is a 
Weak base ; distilled with HCI, the chloride is obtained; it is an inflammable 
liquid (b.p. 109°). 

ASs(CH.).—O—As(CH.), + 2HCI = 2As(CH.).Cl + HO. 
Cacodyl oxide Cacodyl chloride 


.  Dicacodyl (commonly called cacodyl) is obtained by heating cacodyl chloride 
with zinc or mercury in an atmosphere of CO, (cf., formation of ethane from 
CHS, Pp. 44). Bunsen isolated cacodyl in 1842 and regarded.this complex as 
An Organic atom or radical’. Cacodyl is a poisonous liquid (b.p. 170°) with 
a nauseating smell. It is spontaneously inflammable in air. 

2AS(CH;),.Cl + Zn = ZnCl, + (CH,),.As—As(CH;).. 
Cacody!l chloride Dicacodyl 


Cacodylic acid, (CH.).AsO(OH). is obtained by heating cacodyl oxide with 
£0 and water, or by simply exposing it to the air. 
[As(CH.).].0 + 2HgO + HO = 2(CH.).AsO.OH + 2H. 
, Cacodyl oxide Cacodylic acid 


( Cacodylic acid is a colourless, odourless and crystalline compound 
m.p. 200°), soluble in water. It is a weak acid. Its salts are non-poisonous ; 
the sodium salt is a tonic. When given by the mouth, it imparts the 
characteristic odour of cacodyl oxide to the breath, sweat and’ urine. 


QUESTIONS 
1. What are mercaptans? Why are they so called? How would you 
prepare ethyl mercaptan ? Mention some of its characteristic properties. 
2. How is sulphonal prepared? What is it used for? 
3. How would you distinguish between ethyl hydrogen sulphite and ethyl 
sulphonic acid? What is the structural difference between the two? 


4 What is cacodyl oxide ? How is it prepared? What is ‘cacodyl oxide 
test for acetates ? 


5. Tlustrate with examples : ivati nitrogen. i 
Phosphorus are sir: ples: the alkyl derivatives of gen, arsenic and 


CHAPTER XXI 
THE ORGANO-METALLIC COMPOUNDS 


The alkyl derivatives of metals are generally termed 0rgano- 
metallic compounds. Many metals, e.g, Na, Li, Zn, Msg, Sn, Si, Prt, 
Au, Ag, Pb, etc. form such compounds. Of these, Zn, Msg, Si and Pb 
alkyls are the most important. They are generally colourless, mobile 
fl liquids with low boiling points. Some have pleasant odour and others 
have foul smell. A few are toxic. Many of them burn violently in air, 
and are readily decomposed by water, alcohol, etc. Unlike alkyl 
derivatives of non-metals, organo-metallic compounds are generally very 


unstable. 

Zinc alkyl compounds.—In 1849 Frankland discovered zinc alkyls 
while attempting to isolate free radicals from alkyl halides by removing 
| the halogen with zinc. In 1929 Paneth proved the existence of free 
methyl radical by the thermal decomposition of tetramethyl lead. 
Alkyl iodides, warmed with excess of freshly made zinc filings or better, 
with zinc-copper couple (p. 42), produce zinc alkyl iodide (with insufhfi- 
cient zinc, paraffins are formed). When this is distilled in an atmos- 
phere of CO;, zinc alkyl, R,Zn, is’ obtained. Vacuum distillation 
improves the yield. A little ethyl acetate accelerates the reaction. 

CHL + Zn = C:H.-Zn-. 2C.H,-Zn-I = (C.H.).Zn + Znl.. 
hh Zinc ethyl iodide Zinc ethyl 


|) 


Other zinc alkyls may be similarly prepared. Zinc methyl, 
Zn(CH,)» is a colourless liquid (b.p. 46°) with repulsive odour and 
heavier than water (sp. gr. 1°89). It burns spontaneously in air with 
a reddish flame, forming CO,, water and clouds of zinc oxide. Zinc 
ethyl, Zn(C,H)s, is also a colourless, inflammable liquid, (b.p. 118°) 

jth similar properties. Zinc alkyls are corrosive to the skin. 


Reactions.—(1) Water and alcohol readily decompose zinc alkyls to 


BE Zn(CH.), + 2H.O = Zn(OH), + 2CH.. 
Zinc methyl f Methane 
, + 2HOC,H; = Zn(OC.H,), + 2CH.. 
Zn(CHS): Ee alcohol Zn EL 


(2) With halogens, they combine energetically yielding alkyl halides : 
Zn(CH,): + 21, = Znl, + 2CH.I. 


(3) They react with alkyl iodides to produce paraffins : 


Zn(CH;): + 2CH.I = 2CH..C:H; + Znl.. 
Propane 


Zinc alkyls and aldehydes interact to produce secondary alcohols. 


A alcohols are obtained from ketones and zinc alkyl. 

OZnCH, H.0 
RCL + Zn(CH),—>R.CCH,  —> R.CH(OH).CH, + Zn0 + CH, 
Ng NH Secondary alcohol 


Intermediate compound 
Similarly, zinc alkyl may be used for obtaining ketones and 
tertiary alcohols by reacting with acid chlorides. For synthetic 


230 ORGANIC CHEMISTRY 


purposes, however, they have been practically replaced by more 
convenient Grignard reagent. But as zinc alkyls react less violently, 
they are employed if intermediate products are to be isolated. 


Magnesium alkyl halides were first made by the French chemist, 
Victor Grignard, in 1900 and are better known as Grignard reagents. 
They have the general formula, R-Mg-X, X being a halogen ‘atom 
and R a hydrocarbon radical, such as ethyl, C,Hj;-, allyl, 
CH, = CH-CH,-, Phenyl, CsH;-, etc. They are prepared and mani- 
pulated more easily and conveniently than zinc alkyl halides; they 
are not spontaneously inflammable. They react with a larger variety 
of compounds and have proved very useful in organic syntheses in 
the laboratory. Grignard (1871-1985) won the Nobel prize for this in 
1912. The structure of Grignard reagent has not been definitely 


established ; it appears to exist in ethereal solution as an additive 
complex with ether: 


Magnesium methyl iodide, CH,.Mg.I, is prepared by adding 
scrupulously dry and pure methyl iodide (dissolved in dry ether 
distilled over sodium) to clean and dry magnesium ribbon cut into 
Very small pieces. Tetrahydrofuran or dimethyl ether of ethylene glycol 
is also used as a solvent. The metal dissolves with evolution of heat, and 
Magnesium methyl iodide formed, remains in solution. By evaporating 
off the ether in an inert atmosphere, the Grignard reagent may be 
Obtained as a white, crystalline solid, combined with ether. The 
reagent, however, is not usually isolated but used in ethereal solution 
directly. It is essential that everything should be absolutely dry; 
LYCn traces of moisture may inhibit the reaction. A trace of iodine 
helps starting the reaction which, once started, proceeds with 
Increasing speed. Alkyl iodides react more rapidly than bromides 
and alkyl bromides far more rapidly than chlorides. The longer the 
alkyl group, the more sluggish the reaction. The yield is generally 
85-90%. Magnesium dialkyls, MgR,, may be obtained by the action 
of magnesium on mercury dialkyls. They are not important. 


Synthetic us ij ee 

produced’ by rex EE GEnard reagent.—(1) Saturated hydrocarbons are 
0) hydroxy-compounds, such as water or alcohol: 
CH..\Mg.T + HOJH = CH, + MgI(OH). 


Methane 
CH.|Mgl + GH.OIH = CH, + MgI(OC.H.). 
Methane 


(ii) alkyl halides, such as ethyl iodide: 
CH.. Mg I + TIC.H, = CH,—C,H, + Megl.. 
Propane 
(iii) primary or Secondary amines, such as methylamine : 
CH..\Mg.I + CH,NHIH = CH, + CH, NH—MgI. 
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(2) Primary alcohols are formed by the action of formald hyde @: 
Grignard reagent in ether. The additive compound is hydrolysed ith dilate 


acid. 
70 7 OMgI 
CH,Ms.I + HCC = H.C—CH.. 
H NH 


“CH,CH.—O|Mg.I + HO|H = CH,CH.OH + MegI(OH). 


(3) Secondary alcohols are obtained on reacting with aldehydes other that 
formaldehyde. 
/OMgI 


CH,Mgl + CH.CHO = CHC CH,. 
NH 
(CH). CH—O IMEI + HOH = (CH,).CHOH + MeI(OH). 


Secondary propyl alcohol 


(4) Tertiary alcohols result when Grignard reagent reacts with 
(i) ketones, such as acetone: 


(CH.),.C=0 + CH,.MgI = (CH;,),.COMsgI. 
(CH), C—O IMEI + FOIH = (CH.),C(OH) + MgI(OBD. 


Tertiary butyl alcohol [ 


(ii) acid chlorides, such as acetyl chloride : 


(0) / CH: Ve 
ft CHL + 2CH,Mgl = CATER SME 
Gl OMsglI 


_OMezl + HOIH = (CH.),C(OH) + MgI(OH). 
(CH). C—OMET TF HON Tonia butyl alcobel 


' (ii) acid amides, such as acetamide : 


NH | 

a CH.).C.0.Mgl —> (CH.).C(OH) 

A + 2CH,MgI—> ( )) CO 
(iv) esters, such as ethyl acetate : 


Lo + CH,.Mgl = CH..C—CH; 
N\oC.H, \oc.H, 
OMsgI OCH; 
OMsI = (CHIC 4+ Me 
(CHEK ন + CH,Mgl = (CH:CS I 


VET HOH = (CH.),C(OH) + MegI(OH). 
(CH.),.C—OIMsI + HO! a butyl alcohol 


CHC 


: i i formate; with excess Grignard 
s are obtained with ethyl ; 
2 CL secondary alcohol : 


reagent, We Ee CH, 
HoL® + CHMgl = HC—OMgl 
NOCH; OCH, 


Ethyl formate 


0 500 টি J)cH—O[Mel + HOH = CH,CHO + C;H.OH + MgI(O0H) 
Ly 241s, na 


Acetaldehyde 
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(6) Ketones result on reacting with any alkyl cyanide except methyl cyanide 
and hydrolysing the product with dilute acid : 


C,H.CSN + CH,MgI = (C:HNCH,)C=N—ME.I. 
(CH)(C:H:)C=N—Msg.I + 2HOH = CH,COC.H; + NH, + MgI(OH). 
Methylethyl ketone 


(7) Carboxylic acids are formed when Grignard reagent absorbs CO, from 
dty ice' (Solid carbon dioxide) and the resulting product is hydrolysed with dilute 


acid. 
OMI 


O0=C=0 H,MglI = OC 
+ CH,Mg SoH. 

L < 

f CHACL + HOH = CH,COOH + Me 

} . OMg.I Acetic acid OH. 

Lead tetracthyl, Pb(C.H.),, is manufactured by passing the 
hot vapour “of ethyl chloride, C,H,Cl, under pressure over an alloy 
of lead and sodium, in finely divided form, in presence of cthylene 
bromide. It is separated from the reaction mixture by steam distilla- 
tion. It is soluble in ether and suffers no hydrolysis. 
fl 4CH,Cl + Na,Pb = Pb(C:H), + 4NaCl. 

Lead tetraethyl 4 

Ee tetracthyl is a colourless, heavy, very poisonous liquid (b.p. 
202°) which slowly decomposes in presence of light. In commerce, it 
is known as ‘ethyl and extensively used as an ‘anti-knock’ material for 
Petrol in automobiles along with ethylene dibromide, etc. (vide p. 54). 
Ethylene dibromide combines with the PbO, formed during combus- 
tion, to produce volatile PbBr, which accompanies exhaust gases from 
the cylinders. -A very small amount, about 0°1%, is sufficient to prevent. 
the detonation of petrol vapour and air under high compression. 
Lead tetracthy]l is the best anti-knock material known—0:04% of it 
073 EA as 25% of benzene. Midgley introduced it in 1922. 
1) ‘5:A. plant makes 60 million 1b. of lead tetracthyl annually. 
A Clectrolysing a liquid complex of triethyl aluminium and sodium 
uoride using lead electrode, tetraethyl lead is obtained at the anode 
(which collects at the bottom and is removed). Aluminium deposits 
at cathode, and ethyl radicals, formed at the anode, react with lead. 
esides these, alk i 5 Ene HE TetC 

are also. sometimes ৰ) OF aT HOON ET lho LO their 


Preparation is to treat the chloride of the metal with Grignard reagent when 


the metal alkyl is formed i element, the 
more unstable! the atk ere OIE metallic the nature of the s 


SnCl. + 2CH,MgBr = Sn(CH.), + 2MgBrCl 

AICI, + 3C.H,MgCl = AI(C.H.), + 3MEgCl.. 

শক SbCI, + 3RMegBr = SbR, + 3MgCIBr, etc 
Silicon compounds.—Like carbon silicon is tetracovalent n organic com- 
Pounds ; but. its maximum covalency being six and nature electro-positive, com- 
RANI of silicon behave differently from similar carbon compounds. Alkyl- 
চ oe are silicon hydrides (silanes) with one or more hydrogen atoms replaced 
y Alkyl radicals, e.g.,, methylsilane, CH.SiH,, and tetramethylsilane, (CH.).Si. 
A যা May be prepared (i) by heating zinc alkyl and silicon tetrachloride in 
Sealed tube at 160°, or reacting Grignard reagent with SiCl,.. A mixture of 


alkylsilanes is thus obtai at i. i 
i tained st is. duct b 
controlling conditions. ained ; it is. however. possible to have anv vroduct by 
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2(CH.).Zn + SiCl, —> 2ZnCl. + Si(CH.), 


RMI RMegl - RMsgI 
SiCL 2ST RSich 3 RSICl ——>- RSI SU 


“They are manufactured b i i 

al jy passing vapour of alkyl halid j i 

EE at about 400°. Alkylsilanes are colourless HSE ER 

নথ ন I EE EET (or ethers), Si(OR),, are formed TS 

& react ; thes tile liqui i 

Se eae ce are volatile liquids with a pleasant odour, readily 
SiCl, + 4C:H.OH —> Si(OC:H.), + 4HCI 


“Trialkyl chlorosilanes, R,SiCl, on hydrolysis with NH,OH, gi f 
“loses water readily to form the oxide. Acids cannot EL Hs 


R.SiCl + NH,.OH —> R.SiOH + NH.Cl 
2R.SiIOH —> R.Si.O.SiR, + H.O 


Diols, H.Si(OH):, easily polymerise by condensation (with eliminati 
-and form silicones which are commercially and Silicone EE EE 
“used to glve protective . coating to metal surfaces; methylchlorosilane i 
employed for water-repelling finishes on cotton fabrics, glass surface, wood টি 
“and leather goods, etc. Silicone resins are good electrical insulators. Fo 
Cadmium  dialkyls, R.Cd, may be made by reacting al ium: 
bromide (Grignard reagent) with anhydrous Cac They NE aE 
‘fuming in air; they are much less reactive than magnesium or zinc alkyls. 
With acid chlorides, cadmium alkyl halide forms ketones in high yield : E 


RCOCI + R’CdX —7 RCOR’ + CICdX 


Lithium alkyls, prepared by heating an alkyl halide and the metal in an 
‘inert solvent such as petrol ether in absence of moisture and oxygen, are 
“covalent compounds (e.8., CH..Li); they are soluble in organic solvents and 
usually more reactive than Grignard reagents. Unlike the latter, they add on 
ic double bond; thev react more readily with nitriles and also 


to the ethylenic Vv 
give better yields of ketones. Lithium alkyls are safe and easy to manipulate 


‘but are more costly than Grignard reagents. 


QUESTIONS 


1. How is lead tetraethyl prepared 9 Whatis it used for? 
2. What is the action of (a) water, .(b) alcohol, (c) chlorine, and (d) 
acetaldehyde on zinc ethyl? Give equations. How would you obtain zinc 


ethyl? 

3. Describe in detail the preparation of Grignard reagent from methyl 
iodide. How could (a) methane. (b) tri-methyl carbinol and (c) acetic SeidRbe 
prepared from this reagent ? B.Sc, London, 1933. 

4. Give a general account of the application of the Grignard reagent 


“in organic syntheses. B.Sc., London, 1932. 
how are they prepared? Outline 


5. What are Girgnard EE and oS 
ৰ in synthetic organic € emistry.  B.Sc.. Degree Exam. 1942, Al 
te rity io 1941, Benaras Hindu University. ndhra 


“University ; B.S ₹ 
How would you prepare a Grignard reagent ? What is the constitution 
brief outline how it can be used in synthesising 


i : substance? State in 
of the s is of comopunds. B.A., Degree Exam. 1941, Madras Uni. 


di t type: c 
es Rajasthan Uni. 
PE compound has 64:86% C and 13°51% H. It can be prepared f 
ন zinc methyl. What is its structural forma? EE 


acetyl chloride and 


CHAPTER XXII 


SOME DERIVATIVES OF THE UNSATURATED 
HYDROCARBONS 


When -OH, -COOH, -NH,, etc. groups enter into a paraffin 
molecule, we have alcohols, acids, amines, etc.—all saturated compounds. 
When they occur in the olefines and the acetylenes, unsaturated 
alcohols, acids, etc. result. These naturally have dual functions, as an 
olefine (or an acetylene) and as an alcohol (or aldehyde, etc.). 

Unsaturated alcohols may have the hydroxyl group attached 
to a carbon which is singly- or doubly-linked to another, e.g., 

CH,=CH.CH.OH or CH,=CHOH 
Allyl alcohol Vinyl alcohol 

The simplest member viz., vinyl alcohol, is unknown in the free 
state, the >C=CHOH group being unstable. Attempts to obtain 
Vinyl alcohol result in acetaldehyde which is its keto form. Vinyl 
alcohol apparently exists in equilibrium with acetaldehyde as keto- 


enol tautomers: CH,=CHOH > CHL The enolic form of 


aceto-acetic ester (p. 198) is an example of this type. From the mixture, 
vinyl alcohol has been isolated as a mercury oxychloride derivative. 
Vinyl bromide, CH,=CHBr (p. 65), vinyl ethyl ether, 
CH,=CH-O-C,H,, and vinyl esters are known. 

Allyl alcohol, CH,=CH_CH,OH, occurs in crude wood-spirit 
(about 02%); it may be prepared by heating glycerol in excess with 
oxalic (or better with formic) acid and a little ammonium chloride at 


about 260°. With excess of oxalic acid and at lower temperature, we 
§et formic acid from oxalic acid (p. 145). Here glycerol forms: 
allyl alcohol. 
CH.OH : CH.OH CHOH 
| t 
EOE HOOC NCH EOC | MST GH HCO: 
| il \ 
CH.OH Hooc CH,—0—0c « CH: 
Glycerol Oxalic acid Glycerol dioxalin Allyl alcohol 


Commercially, allyl alcohol is made from allyl chloride (p. 115) 
by hydrolysis with boiling NaOH solution under pressure. Allyl 
2 Cobol is a colourless, mobile liquid (b.p. 97°) with an irritating smell: 
All allyl compounds have pungent smell. The alcohol bas a Burning 
taste, and 1S miscible with Water, ethanol and ether in all proportions. 
It combines the Properties of a Primary alcohol and an olefine; on 


Oxidation under suitable conditions, allyl alcohol gives an aldehyde and 
then an acid: 


(9) (0) 
CH. =CH-CH,OH —> CH,.=CH-CHO —> CH,=CH-COOH 
. Allyl alcohol Acrolein Acrylic acid B ly 
চি Sodium liberates hydrogen from the alcohol forming 
H, = CH-CHLONa ; HCl gives allyl chloride, CH,= CH-CH,Cl]. 
With Br,, HBr, etc. additive compounds are obtained. 


EEE: — 


[S) 
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CH,=CH.CH.OH + Br, = CH:Br.CHBr.CH.OH. 
1: 2-Glyceryl bromide 


CH,=CH.CH,.OH + HBr = CH:Br.CH..CH.OH. 
3-Bromo-propyl alcohol 


Allyl alcohol yields glycerol on oxidation with dilute KMnO 
(cf-, formation of glycol from ethylene, p. 59); with hydrogen in Te 
sence of platinum, it gives n-propyl alcohol. Allyl alcohol respond 
to the iodoform test (p- 98); it is an intermediate in the manufacture 
of synthetic glycerol (P.- 115); a transparent resin is made from allyl 
phthalate. ” 

Allyl iodide, CH,=CH-CH,I, may be prepared by treating 
glycerol with hydriodic acid or yellow phosphorus and iodine. 
Glycerol and hydriodic acid probably give the tri-iodide which loses 
iodine to yield allyl iodide (but excess of HI reduces the latter to 
isopropyl iodide, CH,CHICH,). 

CH,OH-CHOH-CH.OH + 3HI —> CH:I-CHI-CH.T PY CH,=CH-CH.I 
Glycerol Glyceryl tri-iodide — Allyl iodide 

The reaction with phosphorus and iodine is carried out in an 
atmosphere of carbon dioxide, and the required amount of phosphorus 
added gradually to a mixture of glycerine and iodine. 

CHAOH), FT P+I= P(OH), + C,H.T 
Glycerol Allyl iodide 
Allyl halides may also be obtained by reacting allyl alcohol with 
hosphorus halides or halogen acids as usual. Allyl iodide is a colour- 
ess liquid (b.p. 101°), with an odour of garlic. It is employed for 
introducing the allyl group into organic compounds. It reacts with 
KCN, KS, etc., but more readily than alkyl halides (pp. 78-75). 
CH,=CH.CH.Il + KCN = CH,=CH.CH.CN + KIL. 
Allyl iodide Allyl cyanide 
With sodium, diallyl is produced (cf., formation of ethane from 


CHL p. 44). 
2Na + 2CH; 
Allyl iodide 


With HCl, HBr, or halogens, it forms addi 
CH,=CH-CH.I + HBr = CH.Br-CH.-CH.1. 

On distilling with potassium thiocyanate, allyl iodide gives allyl 
isothiocyanate or oil of mustard (Pp. 222). 

Allyl chloride, CH,=CH.CH,Cl, a liquid (b.p. 45°), is manu- 
factured by chlorinating propylene at 500-600° in 85% yield. Allyl 
alcohol, glycerol, etc. are made from allyl chloride. 

CH,=CH-CH, + Cl. = CH,=CH-CH.Cl + HCl. 

Allyl sulphide, CH,=CH-CH,-S-CH,-CH = CH, occurs in onion 
and garlic (Latin allium, garlic) and is responsible for their odour. 
It is prepared by heating allyl iodide with alcoholic potassium sulphide. 
It is a colourless, mobile liquid (b.p. 140°) with a foul odour. 

2CH,=CH-CHI + K.S = (CH.=CH-CH.).S + 2KI. 
Allyl iodide Allyl sulphide 


=CH-CH:l = CH= CH-CH,-CH.-CH=CH: + 2Nal. 
Di-allyl 
tive compounds: 
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Unsaturated aldehydes.—The simplest is acryldehyde or acrolein, 
CH,=CH-CHO, prepared by distilling glycerol with potassium 


hydrogen sulphate (vide p. 115, test” for glycerine), phosphorus " 


pentoxide or anhydrous magnesium sulphate (dehydration). It is 
also formed when allyl alcohol is oxidised, or glycerine is passed over 
heated alumina (yield only 50%). A cheap commercial method is to 
oxidise directly propylene from petroleum cracking by air at 300-350° 
in presence of cupric oxide. 


CH.OH-CHOH-CH,.OH = CH,=CH-CHO + 2H.O. 


Glycerol Acrolein 
CH.=CH-CH, + 0. = CH,=CH-CHO + H.O. 
Propylene Acrolein 


Acrolein is a colourless, corrosive, toxic liquid (b.p. 52°) with 
@ Penetrating odour. It polymerises so readily (due to conjugated 
double bonds) that it can only be stored with a stabiliser (e.g., 001% 
hydroquinone). Polymerised  acrolein, an amber-like mass, is an 
Insulator. Menthionine, an amino-acid, used as chicken feed for 
accelerated growth, is made from acrolein ; U.S.A. made 1,035,000 1b. 
of it in 1954. The pungent odour from overheated fats and oils is due 
to acrolein (acer, sharp; oleum, oil). On reduction, it gives allyl 
alcohol, and on oxidation, acrylic acid. As an olefine, it adds on 
alogen Or halogen acid (against Markownikoffs rule). LiAIH, reduces 
acrolein to allyl alcohol. 


CH.=CH-CHO + Br. = CH.Br-CHBr-CHO. 
Acrolein Dibromopropionaldehyde 


CH.=CH-CHO + HC! = CH.Cl-CH.-CHO. 


and eS Cnaldehyde, CH.CH=CHCHO, occurs in cis and trans forms (p. 237) 
li 0 End by distilling aldol (p. 131) with dilute HCI. It is a colourless 
oder ( D 105°), similar to acrolein in chemical properties. For its pungent 
tis DOE taste, it is used for denaturing alcohol in some countries. 
aldehyde by TedUctO fats and waxes. U.S.A. makes n-butanol from croton- 
CH.CH(OH).CH,.CHO = CH,.CH=CH.CHO + H.0. 

Aldo! Crotonaldehyde 


Unsaturated acids.—Acrylic acid, CH,=CH.COOH, the simplest, 
may be prepared: ন 


() By distilling B-hydroxypropionic acid (or hydracrylic acid) : 


CH.A(OH)CH..cooH = CH.=CH.COOH + H,0. 
B-Hydroxypropionic acid Acrylic acid 
(li) By treating a- or B-bromopropionic acid with alcoholic KOH : 


CH.Br-CH.-COOH + KOH = CH.=CH-COOH + KBr + H.O 


B-Bromopropiovic acid Acrylic acid 
(iii) By Oxidising acrolein or allyl alcohol with silver oxide. 


X C0 By reacting acetylene, CO and water in presence of nickel carbonyl, 
I(CO),, at atmospheric pressure (p. 69). 


‘CH=CH + CO + H.O = CH.=CH-COOH. 


‘A 


ee 
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Methyl acrylate is obtained if methyl alcohol is used for water: 


CH=CH + CO + CH,OH = CH.=CH-COOCH.. 
Methyl acrylate 


(v) Methyl lactate on acetylation and heating forms methyl acrylate : 
CH,CH(OOCCH,)COOCH, —> CH.=CHCOOCH,; 


Acetyl methyl lactate Methyl acrylate 

Acrylic acid is a colourless liquid (b.p. 140°), smelling like acetic 

acid and is miscible with water in all proportions. On standing, it 

polymerises to a solid. The adjacent double bond increases the 

tendency of the proton to escape; acrylic acid (ka = 55x10) is 

stronger than propionic acid (k, = 14x10-3). It adds up halogens 
and nascent hydrogen as usual: 


CH.=CH.COOH + Br: = CH,Br.CHBr.COOH. 
Dibromopropionic acid 


Acrylic acid 
CH,=CH.COOH + 2H = CH.,.CH.COOH. 
Acrylic acid Propionic acid 


With halogen acids, it forms a fB-halogen propionic acid; the 
halogen attaches itself to the carbon farthest from the carboxyl (p. 181). 


CH,=CH.COOH + HBr = CH. Br.CH..COOH 
Acrylic acid B-Bromopropionic acid 


Dilute KMnO, oxidises it to dihydroxypropionic or glyceric acid 
(cf, ethylene, p. 50), and a stronger oxidant to oxalic acid: 


[9) (9) 
CH.=CH.COOH —> CH,OH.CHOH.COOH —> HOOC.COOH 
Acrylic acid H.O0 Glyceric acid Oxalic acid 
obtained from esters or amides of acrylic acid by poly- 
merisation, are mainly used as denture bases, artificial eyes, lenses, etc. as they 
are transparent, water-white and resistant to age and light. 

Crotonic acid, CH,.CH=CHCOOH, is formed by the oxidation of croton- 
aldehyde, by heating B-hydroxybutyric acid, or by the action of alcoholic KOH 
on a-bromobutyric acid. One interesting method is to heat acetaldehyde and 
malonic acid to 100° in glacial acetic acid solution. An unsaturated dibasic 
acid, first formed, yields on heating crotonic acid : 

CH,CHIO+H:.|C(COOH). — CH,CH=C(COOH): —> CH.CH=CHCOOH + C0: 

Acetaldehyde Malonic acid Crotonic acid 
Crotonic acid exists in two forms, 
EAE 


H-C-COOH / HOOC-C-H. 
Crotonic acid (m.p. 72°) Isocrotonic acid (m.p. 15°) 


They differ only in the relative positions of the groups with respect to the 
double bond. It is a special case of geometrical isomerism (vide, maleic and 
fumaric acid, P. 250), _ better known as cis-trans isomerism. Glyceride of 
crotonic acid is the chief constituent of croton oil, whence the name Both 
isomerides yield n-butyric acid on reduction, and oxalic acid, on oxidation, 
showing the similarity of their structure. Isocrotonic acid. the labile form, 
is partly transformed into crotonic acid on heating to 100°. Crotonic acid 
(trans) is weaker (k = 2X 107°) than isocrotonic acid (cis) having k = 3°6X 107. 


Acrylic resins, 


one is a solid and the other a liquid : 
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Oleic acid, C,,H,,0,, occurs as a glyceriderin fats and oils from 
which it is commonly prepared (Pp. 155). Olive oil is a rich source 
(76-86%). The acid is a pale yellow, Practically odourless and taste- 
less He On catalytic hydrogenation, ‘it ” forms stearic acid, 
CisH,0,, a solid (m.p. 694°). Oleic acid gets oxidised by air and 
becomes rancid. It is used for wool spinning. With a little nitrous acid 
which acts as a catalyst, oleic acid passes on to its more stable, trans 
isomer, elaidic acid, a solid. A little selenium at about 200° effects 
66% conversion of oleic acid to elaidic acid. 


LE (CH) CH HNO, COE 


— > 
HOOC.(CH.),C-H H-C-(CH;),.COOH 
Oleic acid (m.p. 14°) Elaidic acid (m.p. 51°) 


Oleic acid, C,,H,,0., gives stearic acid, C,sH,,0,, on reduction and dibromo- 
fearic acid, CisH,,Br.O,, on bromination. Hence it has one double bond and 
like stearic acid, contains a Straight carbon chain. HNO, oxidises oleic acid 
The aartfnie acid, CH(CH.),COOH, and azelaic acid, HOOC(CH.),COOH. 
The ‘double bond lies, therefore, in the middle of the chain, i.e., at the 9: 10 
addition So0leic acid is CH,(CH,),CH=CH(CH,),.COOH. " Ozonolysis. lends 
HE SPport to this; the ozonide oleic acid forms with ne EE 

eS cinto pelargonic aldehyd: + CH(CH;),CHO, and azelaic acid mono- 
SEE OHC(CH,), COOH. TX EAS Fa been confirmed by synthesis of 
iC acid. 


jojEicinolelc acid, C,,H,,(OH)O, 12-hydroxyoleic acid, is present in castor 
(Ricinus communis)’ oil [aE ie EES TS 80-86% of the fatty acids 
of castor Oil and is Tesponsible for its purgative action which disappears on 
hydrogenation. tor oil is a lubricant in airplane motors. Nitrous acid 
Converts it to its solid, trans isomer, ricinelaidic acid (m.p. 53°). 

Linolic or linoleic acid, C H,.0,, a liquid, has two double bonds. It occurs 
4s the glyceride in cottonseed ‘and Jeet OS ding oils which form a hard, 
resinous product by absorbing oxygen from the air (p. 175). On hydrogena- 
tion, it gives stearic acid, C,.H,.O.. 

Linolenic acid, C H,.,0 i j d linseed oils, has three 

2s present in perilla seed and lin: ন 
double bonds. These’ unsaturated CEU BEE to be essential food factors, 
their deficiency leads to dermatosis and eczema. 


QUESTIONS 


1. How could you prepare allyl alcohol? What is the action of HCl, 
HBr, metallic sodium, and Oxidising agents on it? Give equations. Eg 

2: Starting from allyl iodide, how can you obtain (i) diallyl, (ii) allyl 
sulphide and (iii) oil of mustard ? 

3. How is acrolein Prepared? Mention some of its reactions to show 
that it behaves both as an olefine and as an aldehyde. dq 

4. Explain with reference to oleic acid how you would detect, BSc 
establish the position of the double bond in a chain of carbon atoms. Je) 
Degree Exam., 1942. Annamalai Uni. F hii 

5. What is acrylic acid ? Give a few methods for the EES or DE 
compound. What compounds do you obtain by the action of (©) 0 4 
(b) HCl, (©) KMnO, on it? B.Sc. 1945, Nagpur Uni. 


CHAPTER XXII 
THE SATURATED DIBASIC ACIDS 


If two carboxyl groups occur in a molecule, it is a dibasic acid. 
The saturated dibasic acids are derived from the paraffins by replacin. 
the two terminal methyl, -CH,, groups by carboxyl, -COOH. 5 


CH.-(CH.)n-CH, HOOC-(CH.)n-COOH 


Paraffin Dibasic acid 
Saturated dibasic acids, CnH.n-—.0.. 

Name Formula m.p.°C kX 10° kx 10° 
Oxalic acid HOOC.COOH 189°5 3800 11000 
Malonic acid HOOC.CH..COOH 134 177 437 
Succinic acid  HOOC.(CH;)..COOH 183 66 4°50 
Glutaric acid  HOOC.(CH:),..cCOOH 98 4:60 5:34 
Adipic acid HOOC.(CH;),..cCOOH 153 3:90 5'29 
Pimelic acid HOOC.(CH;),..cCOOH 1055 3:33 4:87 


The common names are for the lower members only. The higher 
acids are named after the corresponding paratlins, e.g, decane- 
dicarboxylic acid is HOOC.(CH,),,.COOH. The simplest dibasic acid 
is carbonic acid, HO.CO.OH, unknown in the free state. It does not, 
strictly speaking, belong to this series as it is not dicarboxylic. It is. 
discussed in Chapter XXVI. 

Oxalic acid, HOOC.COOH, the simplest dicarboxylic acid, occurs 
in plants of the Oxalis group ; its acid potassium salt is found in sorrel, 
beet leaves and myrobalans (Haritaki). The inso'ible, crystalline 
calcium oxalate occurs in cell walls; the bark of some eucalyptus 
trees contains about 20% of it. Derivatives of oxalic acid are also 
present in urine, specially under pathological conditions. 


Preparation.—(1) In the laboratory, it is obtained by adding coarsely 
powdered cane-sugar (40 g.) to warm conc. HNO, (150 C0), contained. in a 
litre-flask. A little vanadium pentoxide improves the yield. The reaction is 
carried out in a fume-chamber, as copious nitrous fumes are evolved. After 
the fumes have subsided, the liquid is concentrated in a dish on water-bath. 
On cooling, colourless crystals of oxalic acid appear. 1 part glucose gives 
1'5 parts of oxalic acid This is the method by which Scheele (1742-86) first 
obtained the acid in 1776. Like sugars, many other organic compounds such 
as glycol, alcohol, fats, cellulose, etc. yield oxalic acid on oxidation. 


(2) Commercially, it was once made by oxidising cellulosic mate- 
e.g. sawdust from soft wood, which have the group, 
‘CHOH-CHOH.. Gay-Lussac discovered the method in 1829. 


The sawdust, made into a paste with about twice its weight of a strong 
solution of KOH and NaOH, is spread out in thin layers in iron pans and 
heated in air up to 250°. The fused alkali oxidises the cellulose to alkali 
oxalates. The mass is extracted with hot water. The aqueous extract is boiled 
with milk of lime, calcium oxalate filtered and washed with water. The alkaline 
filtrate is concentrated and used again. Requisite amount of dilute H.SO, is 


rials, 
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then added to the calcium oxalate. Calcium sulphate is filtered off and oxalic 
acid, HOOC.COOH,2H,O, obtained by crystallisation. 


(8) Most of the commercial acid is made by a cheaper method. 
Carbon monoxide under pressure is passed into caustic soda; sodium 
formate, thus formed (p. 145), is rapidly heated to 890°, or to 800° with 
excess alkali ; we get sodium oxalate. The free acid is obtained there- 
from with H,SO,. 


2HCOONa = NaOOC-COON:a + H.. 
Sodiurn formate Sodium oxalate 


(4) Other methods of academic interest only are (i) oxidation of 
glycol (p. 110), (fi) hydrolysis of cyanogen (p. 218) and (iii) passing 
dry carbon dioxide under pressure at 360° over sodium or potassium : 

i 2C0, + 2Na = NaOOC.COONa. 


Properties.—Oxalic acid crystallises in large, colourless prisms 
with two molecules of water. The anhydrous acid is obtained by 
heating the crystals with carbon tetrachloride. It sublimes at about 
200° and partially decomposes into CO;,, formic acid, etc. 

(COOH).,2H,.0 _> (COOH). > CO, + HCOOH —> CO, + CO + H.0 

On heating in a sealed capillary tube, the anhydrous acid melts 
at 189:5°. The hydrated acid (m.p. 101°) is soluble in water, more 
freely in alcohol and only sparingly in ether. The anhydrous acid is 
much more soluble in dry ether. Oxalic acid and its soluble salts are 
Poisonous. They remove calcium from the blood and tissues as in- 
soluble calcium oxalate. Halogeton, a weed containing oxalic acid, 
kills cattle that graze on it. Conc. H,SO, breaks up oxalic acid at about 
ee into CO, and CO (cf., formic acid, P- 147). No charring takes 

ace. 
HOOC-COOH = CO + CO, + H.O. 


Y and quantitatively oxidised by KMnO, in acid solution 
ming (difference from other members). 


It is readil 
to CO, on war 


2KMn0, + 3H.SO, + 5(COOH), = 10CO, + 8H.O + K.SO, + 2MnSO.. 


i This is utilised for standardising permanganate solutions and 
estimating oxalates. Ferric salts oxidise the acid similarly 5; nascent 
hydrogen e.g., from zinc and H,SO,, reduces it to glycollic acid. 


HOOC.COOH + 2H —> HOH.C.COOH (glycollic acid) 


As a fairly Strong acid, it turns litmus red, decomposes carbonates 
and reacts with some metallic oxides. ‘The acid forms two types of 
salts, acid and neutral (cf., salts of sulphuric and carbonic acid), e.g. 
Pot. hydrogen oxalate, HOOC.COOK, and pot. oxalate, KOOC.COOK ; 
it gives normal and acid esters with alcohols. With excess of PCI, 
anhydrous oxalic acid produces the acid chloride, called oxalyl chloride, 
a colourless liquid (b.p. 64°) used in some organic syntheses. It readily 
splits into carbonyl chloride, COCI,, and CO. 


HOOC.COOH + 2PCI, = CIOC.COCI + 2POCI, + 2HCI!. 
Oxalyi chloride 
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+ Oxalic acid forms no anhydride. On dry distillation, ammonium oxalate 
yields the amide (cf., formation of acetamide from ammonium acetate, p. 165). 


H,NO.OC.CO.ONH, = H.NOC.CONH, + 2H.0O. 
Oxamide 


Oxamide gives cyanogen on heating with P.O; (p. 213) and oxalic acid on 
hydrolysis.  Oxalic acid also forms a half-amide. HOOC.CONH,, called 
oxamic acid. Amic acids are half-amides and half-acids, derived from dicar- 
boxylic acids. 

Uses.—Oxalic acid is used as a mordant in dyeing and cloth print- 
ing and also in cleaning leather. Potassium ferrous oxalate, 
K,Fe(C,O,),-+H,0, is a Photographic developer. © Oxalic acid is 
employed in volumetric analysis. It is a constituent of most 
metal polishes. Potassium quadroxalate or ‘salt of sorrel, 
KHC,0,.H,C,0,+2H,0, removes ink-stains and iron-moulds from 
cloth, and bleaches straw (for hats). The acid dissolves rust from iron 
Pipes of radiators in automobiles and is used in their cleaning. 

Tests.—(1) Oxalic acid or its salts decolorise KMnoO, solution (acidified 
with dilute H,SO,) on warming. 

(2) A neutral solution of an oxalate forms with calcium chloride a white 
Ppt. insoluble in acetic acid. This is utilised in estimating calcium. 

(3) The solid acid or its salts yield CO and CO, when warmed with conc. 
H,SO,. The former burns with a blue flame. 


In India oxalic acid is made from Terminalia Arjuna bark which contains 
calcium oxalate. 


Malonic_ acid, HOOC.CH..COOH, occurs as calcium salt in beét- 
r0Ot; It Was first obtained in 1858 by oxidising malic acid with chromic 
acid, whence the name. 

HOOC.CH..CH(OH).COOH +- 20 = CH.(COOH), + CO, + HO. 
Malic acid Malonic acid 

Malonic acid is commonly made by heating potassium mono- 
chloroacetate with aqueous pot. cyanide ; the cyano-acetate formed, is, 
then hydrolysed with strong hydrochloric acid. 

CH,Cl KCN HE H,O+HCI TEE 

——>- —— > 
Cook COOK COOH 


Pot, monochloroacetate Pot. cyanoacetate Malonic acid 


+ NH.Cl + KCI 


From the dried mass malonic acid is extracted with ether. Diethyl! 
malonate which is far more important than the acid for its synthetic 
uses, is obtained similarly from dry potassium cyano-acetate, HC! Eas 
and alcohol. Hydrolysis and esterification take place simultaneously. 
The ester may also be obtained by heating cyanoacetic acid (Pp. 186), 
with alcohol and sulphuric acid. 


CH.A(ACN)COOK + 2HCI + 2C:H.OH = CH.A(COO.C,H,), + KCI + NH.Cl. 
Pot. cyanoacetate Malonic ester 


Malonic acid is a white, crystalline solid (m.p. 134°) easily soluble 
in water, alcohol and ether. Heated above its melting point, it loses 
carbon dioxide and forms acetic acid. 

CH.(COOH), = CH,COOH + CO.. 
Malonic acid Acetic acid 


16 
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By this reaction, typical of acids having two -COOH groups attached 

to the same carbon, fatty acids may be obtained: 
RR.C(COOH). —> R,R,CH.COOH 4- Co, 

Malonic acid, on distillation with P,O;, gives carbon suboxide, 
C30, a poisonous gas (b.p. 7°) with intolerable smell. Carbon suboxide 
yields with water malonic acid, with HCl malonyl chloride, with 
ammonia malonamide, and with alcohol ethyl malonate. It readily 
Polymerises to solid products. Malonic anhydride is unknown. 

HO.OC.CH..CO.OH = O0=C=C=C=0 + 2H,0. 

Malonic acid Carbon suboxide 
খু Malonic ester, CH(COOESt),, is a colourless liquid (b.p. 198°) with 
a pleasant Smet — Like aceto-acetic ester (P. 198), it contains the group 
-CO-CH,-CO-, and is a tautomeric mixture of keto and enol forms. 
The hydrogen atoms of -CH,- group can be replaced by sodium one 
by one and CO, driven off from the free acid. Malonic ester isa 
valuable synthetic agent. y 

etic uses: (i) Substituted malonic acids. Malonic ester forms with 

sod LETS ethoxide in alcohol, a sodium derivative. The latter, in 
alcoholic solution, reacts with alkyl halides on boiling to produce different 
substituted malonic esters. On hydrolysis, these esters yield the corresponding 
Substituted malonic acids. 


CH.(COOEt), + NaOEt = CHNa(COOE!t), ++ EtOH. 


Malonic ester Sod. cthoxide Sodio-malonic ester 


CHI H.0 
CHNa(COOEt., > CH(C.H.).(COOES), —? CH(C.H,)(COOH), 
Ethyl malonic ester Ethyl malonic acid 
Homologues of malonic acid, e.g., methylmalonic acid, can thus be obtained. 
Ie second hydrogen atom of the methylene group may likewise be replaced 
by sodium and substituted by an alkyl group. 
NaOEt CHI 
CH(C.H.)(COOE, কাছ C(Na)(C.H,)(COOEt), —> 
Sodio-ethyl malonic ester 


C(CH)(C.H.)COOES, © 
4 Ethyl methyl mafonie SE চপ EAGHXCI HCOOH), 
1) Fal 


Ethyl methyl malonie acid 
bh acids.— Maloni i # a 
obtained abov: lonic acid and its alkyl substitution products 


[ (as 
©) part with CO, on heating and give fatty acids. 


Heat 
/ Subst RR-C(COOH), RR.CHCOOH + Co, 
UDsStituted malonic acid Fatty acid 
Ne Dibasic and other 


RY ৰ Polybasic acids. (a) The Sodium derivative with 
iodine, yields tetracarbox lic est iS i. HB AE; 
Sein Bad Wor heating 3 er. This is hydrolysed ; the free acid gives 


CH| Na |(COOE!), ৰব CH(COOE», CH(COOH), CH,.COOH 


+ 21 -! Heat 
CH|_ Na (COOEU, © CH(COOES, —* 
Tetracarboxylic ester Ethan 

Since malonic ester can be mad ্‌ 
and its substituted products S from a fatty acid (p. 24 


1), succinic aci 
May be obtained from fatty acids. ) 


(b) Higher dibasic acids r. i 5 Hl 
halides having the two halogen atoms in te ester with alkylene 


—> 
CH(COOH), CH,.COOH 


ne tetracarboxylic acid Succinic acid 
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CH. |Br_ Na |CH(COOES,. CH..CH(COOEt),. H,0 CH..CH(COOH), 

| ah | =>) =) 

CH,|Br_Na |CH(COOEt), CH..CH(COOEt). CH..CH(COOH). 
Butane tetracarboxylic ester 2) 

Heat HOOC.CH..CH..CH..CH..COOH 

——> Adipic acid 


(c) Similarly, sodium malonic ester reacts with halogen-substituted fatty 
acids to yield a tricarboxylic ester and ultimately, a dibasic acid : 


CH | Na |(COOEt), CH(COOEt),. H.0 CH(COOH), Heat CH.COOH 
+ . —> 2 E22 
Cl|CH..COOEt CH.COOEt CH..COOH CH.COOH 
ডৰ Tricarboxylic ester Succinic acid 


(d) On. electrolysis, sodium malonic ester yields tetracarboxylic ester and 
hence, succinic acid finally. 
2CHNa(COOE!). = 2Na + (COOEt).CH-CH(COOED.. 


(iv) Unsaturated acids.—Malonic ester Teacts with aldehydes to Live 
unsaturated acids. An intermediate aldol formation explains the reaction. 


-H,O 
RCHO + CH.(COOEt), —> RCH(OH)-CH(COOEt, —> 
Aldehyde Malonic ester Aldol 


H.0 Heat 
RCH =C(COOEt), —> RCH=C(COOH), —> RCH=CH.COOH 
Unsaturated acid 


(vy) Cyclic compounds.—Ethylene dibromide and similar dihalogen deriva- 
tives react with sodium malonic ester to ive cyclic compounds : 


VCH: Br ক 
H. + Nas 
CHA GH, | Br 


Trimethylene dibromide Cyclobutune dicarboxylic ester 


LHS 
C(COOEt), = 2NaBr + CH. C(COOE!), 
NcH/ 


21 


Heat CH, 
{HS oH.cooH CHL  *Sccoon,, 
CHC on ie <— “Non, ( ) 


Cyclobutane monocarboxylic acid 
leterocyclic compounds.—Malonic ester combines with urea forming w 
malonyfurea or barbituric acid : 


OEt  H.N CO—HN 
SNES DCO = CHL co + 20H. 
*\NCOOEt HN CO—HN 
ৰ Urea Barbituric acid 


These reactions are not characteristic of malonic (and acetoacetic) ester 

Whenever a -CH,- group occurs between two negative groups such 

ao 0-, -CN, etc., the hydrogen of the -CH.- group can be replaced by 

কা like Na, K, etc. Hence such syntheses are possible With other similar 
m 


compounds, e.g. cyanacetic ester, CN-CH.COOEt, or acetyl acetone, 
CH,COCH,COCH.. 
NaOEt CN CH.I N 

al Beto NaH = CH.CH< 

CHS COOEt COOEt COOEt 

Cyanacetic ester 

H Heat 
HO 500 > CH,CH.COOH 


NCC OOF Propionic acid 
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CH, OH CH CN 
NCC(NaH)COOEt —> C(CN)CH 
GH NON NCO) CH \CooOEt 


HO CH, Heat CH, 
> DACOOH)-CH(COOH). ক DC(COOH)CH.COOH 


/COCH; NaOEt _/ COCH; CHI /COCH; 


—_ > NaHC —> CH 
CHSC, Noe 


3-CH etc. 
H, N\coaH, 


Acetyl acetone 


Succinic acid, HOOC-CH,-CH,-COOH, was first mentioned by 
Agricola in 1546 as a ‘salt’ obtained by the dry distillation of amber, 
a fossilised resin, found in the shores of the Baltic sea (Latin succinum, 
amber). It occurs in many plants (e.g., lettuce), lignites, etc. About 
1% succinic acid is formed during alcoholic fermentation (p. 89). 
Amber is distilled for colophony, and succinic acid is a bye-product., 


Preparation. —(i) Succinic acid is made by fermentation of tartrates 
or malates with yeast. It is a case of reduction which can as well be 
effected with hydriodic acid. 


CHOH.COOH CH..COOH HI CHOH.COOH 
| —> | — ! 
CHOH.COOH CH..COOH CH,.COOH 
Tartaric acid Succinic acid Malic acid 


(1) Unsaturated acids, maleic or fumaric, are reduced to succinic 


acid. Electrolytic or catalytic reduction of maleic acid (made from 
benzene) is a commercial method. 


HOOC.CH=CH.COOH + 2H —> HOOC-CH,-CH,-COOH 
Maleic acid Succinic acid 


(in) It may be synthesised from ethylene: 


Ed Br, CH.Br KCN CH.CN H,0 CH,COOH 
=>) || | 
CH, CH.Br 


H ==> 
Ethylene CH.CN CH,.COOH 


Ethylene bromide Ethylene cyanide Succinic acid 


a LE Synthesis as ethylene can be obtained from carbon 


: AC constitution of the acid follows from this synthesis 
as also from its formation from B-iodopropionic ester: J 
Rl KCN CH,CN H.0 CH.COOH 
=> 0 
CH..COOEt CH..COOEt 
B-Iodopropionic ester B-Cyanopropionic ester 
(tv) 


(p. 242) THe Obtained from malonic ester and iodine 


CH.COOH 
Succinic acid 


Properties.—Succinic acid is - হ্‌ $ 
185°), moderately soluble in water” colourless, crystalline solid (2: 
soluble in ether. With excess gl 


NES Cn I TET 
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heated, it readily forms the anhydride (cf, action of heat on y- and 
S-hydroxy acids, p. 189); distillation of the acid with acetic anhydride 
or acetyl chloride gives a much better yield. Succinic anhydride is a 
crystalline solid (m.p. 120°), used in making some dyes. 

CH,—CO.JOH CH,—COS 

|| | = | 20 + H.0O. - 

CH,—CO.OIH CH,—CO 

Succinic acid Succinic anhydride 

The anhydride yields (i) the original acid when boiled with water 

or dilute alkali; (i)a glycol on reduction with sodium and alcohol 
and (iii) succinimide when heated in a current of ammonia: 


(0) CH—COS CH.-COOH 
20 +H.0O0—> | 
CH,—CO CH.-COOH 
Succinic acid 
GD MCHESCO CH..CH.\  H CH,.CH,0H 
| DO+H —> I owed 
CH,—CO CH..CO / CH..CH.OH 
¥-Butyrolactone Tetramethylene glycol 
(i) CH—COS H.-COS 
i D0 + NH,—> | NH + H.0 
CH,—CO H.-CO/ 


Succinimide 
Succinimide is also formed when ammonium succinate is rapidly 
distilled (cf-, formation of acetamide, p. 165). The amide, first formed, 
decomposes to imide. 


CH,COONH, -H,.0 CH,CONH:, -NH, CHACON ন 
N 


CH.COONH, CH.CONH, > CH.co/ 

Ammon. succinate Succinamide Succinimide 
Succinimide, a white ~crystalline solid (m.p. 126°), is very weakly 
acidic and easily soluble in water. The hydrogen of the imido group, 
NH-, lying between two electrophilic -CO- groups, is replaceable by 
metals. The mercury salt is used in medicine ; the potassium salt is 
decomposed by carbon dioxide. Distilled with zinc dust, succinimide 
forms pyrrole; sodium and alcohol reduce it to pyrrolidine or tetra- 


hydropyrrole. 
H,—CO CH=CH 
pl f NH +2Zn= | DNH + 2Zn0. 
CH,—CO CH=CH 
Succinimide Pyrrole 


Isosuccinic acid, CH,CH(COOH)., isomeric with succinic acid, is really 
methylmalonic acid. It may be made from sodium malonic ester (p. 242). 
Tt is a crystalline solid (m.p. 130°). On heating, the acid loses CO, (instead 
of forming an anhydride) and yields propionic acid (cf., action of heat on 


malonic acid, p. 241). « hr 

Adipie acid, 2 cystine solid (m.p. 150°), is manufactured for making 

্ে লা) Nylon, a silk-substitute. Cyclohexanol (obtained by hydrogenat- 
Rn |, a coal-tar product) or cyclohexane, oxidised with nitric acid or 
ing pheno dipic acid. It was first obtained by oxidising fats (Latin adeps fat) 
air oH ) hence the name. Long chain molecules of Nylon consist of con- 
rion products of adipic acid and 1,6-diaminohexane, H.N-(CH.).-NH.. 
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The molten mass of acid and diamine 
orifice and the fibre strengthened 


on oxidation, yield dibasic acids: 


CH.OH [) COOH 

|] | + 2H.O0 
CH.OH COOH 
Glycol Oxalic acid 


(2) Sodium aceto-acetic ester 
fatty acid. The product, 


by cold-drawing. 
General methods of preparation. 


on acid hydrolysis, yields a dib 
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is passed at about 200° through a fine 


—(1) Glycols or hydroxy-acids, 


CH.OH (6) COOH 

| + H:O 
COOH COOH 
Glycollic acid  Oxalic acid 


may be condensed with a chloro- 


ASIC acid. 
Homologues of malonic acid can thus be obtained from malonic ester 
(Pp. 242). 
CH,CO.CH.COOEt EC 0,CH:COORt LEON 
freer EEO! CH.COOEt CH.COOH 
Sodium aceto-acetic ester Chloroacetic ester 


(8) Unsaturated dibasic 
acids Just as cethylenes yield 


fF—COOH 


CH—COOH 
Maleic acid 


+ 2H 


(4) Dicyanogen 
form dibasic acids: 


CH,CN 


CH.CN 
Ethylene cyanide 


compou nds or 


H.0  CH.COOH 
[| 
CH.COOH 

Succinic acid 

(5) Potassium alkyl s 

Produce higher dibasic 

Potassium Succinate 


্‌ং EtOOC-CH..CH.- COOK 


EtOOC-CH.-CH.coolk => 
Pot. ethyl Succinate 

General Pproperti 
lower members 

decreases with increas 
carbon atoms is m. 

* One with an evi 


These contrasts 


acids, on reduction, 
paraffins (p. 58). 


alts of lower dibasic acids, 
acids as esters at the anode. 
yields ethylene on electr 


ies.—Dibasic acids 
are quite solubl 
e in mol. wt. A 
ore soluble, and has 
en number immedi 
become less marked i 


Succinic acid 
give saturated dibasic 


(HCOOH 
CH.-COOH 
Succinic acid 


cyano-fatty acids, on hydrolys’s, 


H. 
COOEt 


\cooH 
Cyanacetic ester 


Malonic acid 
on electrolysis, 
Succinic acid or 
olysis (p. 57). 
EtOOC-CH,-CH, 


| 
EtOOC-CH.-CH, 
Adipic ester 


+ 2C0, + 2K 


are colourless, crystalline solids. 
€ in water but the solubility 
2 acid with an odd number of 


a lower melting point than the 
ately Preceeding it in the series. 


cL ন £ IO CISA Sith hic her mol. wts. 
N S steam volatile. ন ES 
EERE Les As dibasic ACs, they, fortwo. series of 
COONa COONa. 
(CHK (CH (CHL CONH. (on CONE: 
COOH, COONa \cooH SON 
The clectron-attracting carboxyl group facilitar 2 
epee Lag SRT lines he coca of the 
(k, = 88 x 10-2) is much stronger than aceti 


ic acid (k = 1:86 x 10-5) in its 
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first dissociation. The inductive effect, however, diminishes rapidly as 
the distance between the two -COOH groups increases. Thus oxalic 
acid is stronger than malonic acid which again is stronger than succinic 
acid. And the k, values are all less than the k, values due to the fact 
that the negatively charged -COO- ion, after first ‘dissociation, tends to 
suppress, by its repulsion of electrons, the ionisation of the other 
-COOH group (vide table on p. 289). Oxalic acid and acids with two 
carboxyl groups attached to the same carbon, lose ‘CO, when beated, 
forming fatty acids (cf., malonic acid, p. 241). Higher dibasic acids 
thus form internal anhydrides by. losing a molecule of water. This is 
characteristic of acids having 4 or 5 C-atoms such as glutaric acid. 
Adipic acid, HOOC.(CH,),.COOH, forms no anhydride on heating. 


CH.COOH CH: COS 
CHC = 0+ HO 
\cH.COOH NCH. COZ. 
Glutaric acid Glutaric anhydride 


Inner imides are similarly formed when ammonium salts of dibasic 
acids are heated (p. 245). On vigorous oxidation, the higher members 
generally yield oxalic acid. PCl; gives di-acid chlorides. 


QUESTIONS 


1. How would you prepare di-ethyl malonate in the pure state? ibe 
some of its synthetic uses. B.A., B.Sc., Bombay Uni., P9525 B Sc. ES 
Dacca Uni., 1938 ; B.Sc., Muslim Uni. Aligarh, 1948. 


2. Show by means of formule the Structural relationship between succinic, 

BEE tartaric acids. How is succinic acid synthesised? B.Sc. Pass. Dacca 
ni. b 

3. Outline a method for the commercial production of oxalic acid. Starting 
from oxalic acid how could you prepare (a) ethyl oxalate and (b) formic acid ? 
Give equations. B.Sc. Pass. Calcutta Uni. 1940. 

4. How does oxalic acid occur in nature ? How is it prepared on a large 
scale? Deduce its constitutional formula. B.Sc. Pass. Calcutta Uni., 1932. 

5. How could you prepare dibasic acids of the succinic acid series from 
fatty acids? Starting from malonic ester, how can the homologous acids of 
this series be obtained ? 

6. What is the action of alcohol, phosphorus pentachloride, strong and 
warm sulphuric acid, and acidified pot. permanganate solution on oxalic acid? 
Give equations. h b 

ibe, with equations, how you can synthesise succinic acid from its 
eT is the action of heat On the acid? 

8. How would you prepare diethyl malonate? Give an outline of the 

jon by which different classes of compounds can be synthesised from this 
ET B.Sc. Degree Exam. 1941, Madras Uni. 


bstance. p - 
su Give an account of the preparation of ethyl malonate and its uses as a 
Hee reagent. B.Sc. Degree Exam., 1941, Travancore Uni. 
syn 


K CHAPTER XXIV 
THE UNSATURATED DIBASIC ACIDS 


The pair of isomeric acids —maleic 


and fumaric—are the 
simplest unsaturated dibasic acids. 


They have the common iormula, 
HOOC_CH=CH-—_COOH, and are important from the stereo-chemi- 
cal point of view. Maleic acid does not occur in nature, but free 
fumaric acid is found in some fungi, in the sap of the common 
medicinal herb Fumaria officinalis (whence the name) and in Iceland 
Inoss. Maleic acid is employed for making synthetic resins of glyptal 
type (p. 118) which, made into varnish, does not turn yellow. This 
acid inhibits rancidity of oils and milk powder. Ethene-1:1-di- 
carboxylic acid, CH,= C(COOH),, is unknown but its di-esters have 
been prepared; the acid Possibly loses CO, and passes on to acrylic 
LAE readily. 


eparation. —(1) Heated slowly to about 145° 
converted into fumaric acid 
acid) and water. 


» malic acid is mainly 
(and, to a very small extent, to maleic 


Heat 
HOOC-CH(OH)-CH,-COOH —> HOOC-CH=CH-COOH + HO 
Malic acid Fumaric acid 
At about 185°, fumaric acid distils mostly as maleic anhydride 
which, on boiling with water, gives maleic acid. 


CH-COS 
HOOC-CH=CH-COOH—> 1 70 +:H:0O 
Fumaric acid CH-CO 
Maleic anhydride 
(2) Synthetically, both may be obtained from acetylene: 


I H,0 
HC=CH —> IHC=CHI — 2 CNHG=- CHEN 253 HOOCCH =CHCOOH 
Acetylene Di-iodide Dicyanide Maleic & fumaric acids 
(8) Maleic anhy 


k dride is commercially made by the catalytic oxida- 
tion of benzene in va 


eA Bas Pour phase, or butyl-2-ene (from cracked *petro- 
Um) by air at 400°-500° in Presence of vanadium pentoxide. The 
yield is nearly 60%. 


The anhydride gives maleic acid with water. 


CH. 
BCESO, 21 2S 
Benzene CH.CO/ 


Maleic a dri 
CH.-CH-CH Weic anhydride 


0 + 4CO, + 4H,0. 


HOOC.CH..CHBr.COOH + [> 

Monobromosuccinic acid KOH (alc) = PEE COOH + KBr + H,O0 
In chemical properties, due to th k 

bond, they are alike; e.g., both € carboxyl groups and the double 


(i) are reduced by sodium amal ini j 

(i ! }} gam to succ 

(ii) decolorise bromine-water and give BYORI acid 
(iii) take up water to form inactive malic acid. ‘ 
(iv) add on a molecule of HBr K 


to yield bro inic aci. 
(v) produce two types of salts, esters, etc. ASHEN acid, and 
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In other respects, they differ rather widely: 


Maleic acid i Fumaric acid 
Melting point 130° 287° (in sealed tube) 
Sp. gr. 1°590 1.635 
Solubility in 100g. | 78°8 £. 07 £. 

water at 25° 
On heating distils unchanged (with | partly converted into maleic 
some maleic anhydride) anhydride above 250° 

Primary) Kax 10° 1170 0.093 
With baryta precipitated i not precipitated 
With KMnoO, yields EER acid racemic acid 
Crystallises in large prisms small needles 


Fumaric acid is more stable than maleic. The latter is more 
‘easily converted into the former—by exposure to light, on heating 
with HCl, IL, or nitrous acid, etc. Fumaric acid partially passes on 
to maleic acid on distillation, or exposure to ultra-violet radiation. 


Malic acid ১Maleic anhydride 
185° দে 
145° 
ES) H,O 
Fumaric acid Ultra-violet ray Maleic acid 
> 
লট 
Heat at 200° in a sealed tube or with HCI 
Healt of maleic and fumaric acids.— These acids have the 


1 groups and relative arrangement of 
atoms and groups. Both are optically inactive, having no asymmetric 
carbon. Their isomerism is thus different from that of lactic acid 

). van't Hoff (1874) assigned the following 


same chain Structure, functiona 


Ap. 194) or tartaric acid (q.v- 
configurations to them. 


j) COOH coon 


COOK 


Maleic acid 


Fumaric acid 
Fig. 37. 
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Or when ordinarily represented: 


“= EC EOOE 
H-C-—COOH HOOC—C—H ডি 
Maleic acid Fumaric acid 
(cis) (trans) 


This is known as cis-trans or geometrical isomerism Which is 
other kind of stercoisomerism. The one in which identi 
atoms are closer i.e., on the same side, is known as cis-form (Latin cis, 
on this side) while the other, in which they are remote, is called the 
trans-form (Latin trans, across). Cis-trans isomerism is possible in 
ethylenic compounds and co-planar cyclic systems, e.g., inositols and 
benzene hexachlorides (q.v.). In saturated aliphatic compounds such 
isomerism is not met with ; free rotation is Possible around a single 
bond but not around a double bond. Thus we have only one dichloro- 
ethane, CH,CI-CH,Cl, but two dichloroethylenes, CHCI= CHCI. X-ray 
analysis of dichloroethylene shows that in the cis isomer the distance 
between the chlorine atoms is 8°6A but in the trans compound 47A. 
The cis-trans isomers cannot be distinguished by any general method. 
As a rule, however, one in which the masses of the constituent atoms 
are most evenly distributed, has a higher m.p. and also Sreater stability. 
Optical and geometrical isomerism are the two forms of stereoisomerism. 


Maleic acid readily yields an anhydride, while fumaric acid forms 
maleic anhydride only at high temperature. That maleic acid has the 
cis form is proved by the fact that the anhydride (both acids giving the 
same anhydride) yields only maleic acid with cold water (no Tearrange- 
ment can occur under such mild condition). Maleic acid is stronger 
than fumaric due to the Proximity of the carboxyl groups. Furthermore 
considerable quantities of maleic acid are obtained by the oxidation of 
quinone in which carbonyl groups are in cis-position with respect to 
the double bond. (A little fumaric acid is simultaneously formed 


owing, in all probability, to the conversion of maleic acid into the more 
stable form). 


an- 
cal groups or 


COOH 
HC/  NceH 0 4 
x [| ৰ —> ||| 
C. C HC 
Ncod N\cooH 
Quinone Maleic acid 


Sodium chlorate or dilute pot. permanganate 


s ন 3 ২ Oxidises : 3 
to meso-tartaric acid but fumaric acid to d,l- maleic acid 


U { 0 i tartaric o fi ন 
Geometrical isomerism explains this fact. “ racemic acid. 
L 
HC-COOH H.0+0 HO-C-COOH 
H-C-COOH HO-C- 
Maleic acid ECOH 


Mesotartaric acid 
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2 


H H 


| 
HOOC-C-H HOOC-C-OH l 
H-C.COOH 2 J be 
ho G7" HO-C-CO' 
Fumaric acid | EL SOOCR OH 
H d,l-Tartaricacid H 


Similar cis-trans isomerism is exhibited by citraconi ji বু 

Obtained by rapid distillation of citric acid Bh OE EE EAS 
methylmaleic acid) forms the anhydride, but not mesaconic acid ; ne rE টী 
is a stronger acid but less stable, than ther latter CIUECORIC acid) 387 solUble 
in water and volatile in steam but mesaconic acid is sparingly soluble in ন 
and non-volatile in steam. Mesaconic acid is formed when HAUG: acid 


is heated with dilute nitric acid. 
CHC EON CH;,-C-COOH 
ll 


H-C-COOH HOOC-C-H 
Citraconic acid (m.p. 92°) Mesaconic acid (m.p. 203°) 

The isomerism of oleic and elaidic acids (p. 238) and of c i iso- 
crotonic acids (Pp. 237) is also of this kind. In fact, all STL 
the type XHC=CHX exhibit cis-trans isomerism. It may be noted here that th, 
similarity in physical properties between geometrical isomerides is much Jes 
marked than between optical isomers (cf., Ilactic and paralactic acid, p. 195). 

Maleic anhydride (m.p. 58°), 5-8% of which is obtained asa 
by-product in the oxidation of naphthalene to phthalic anhydride, is 

aking alkyd resins. A is commercially made from 
benzene (p. 248). In benzene it reacts at room temperature with hydro- 
carbons having conjugated double bonds e.g., butadiene (Diels-Alder 
Reaction). The mixture 1s finally heated to 100°. l1l,4-carbon atoms of 
the diene link with the ethylenic carbons of the anhydride with a shift 
of double bonds in the diene. Conjugated dienes are thus detected 


largely used in m. 


and estimated. 


CH ? ren ? 
Nl | 
Hed HCC HE NCHSG 

i UE OE |] | 0) 
Hl = HEM LGH = 

NOH, [| Ne 
Butadiene [0] H, [0) 

Maleic anhydride ‘Tetrahydrophthalic anhydride 
QUESTIONS 


e isomerism of maleic and fumaric acids and explain why 


ists only in one form. 
Jeic acid obtained? How does it differ from fumaric acid ? 


1. Discuss th 
dibromo-ethane ex! 
2 


2. How is ma 
What is its use ? ঠি - is 
3, Starting from maleic acid, how can you obtain malic, succinic and 


tartaric acids ? 3 b z t 
Discuss the phenomenon of geometrical isomerism using maleic and 


0 acid as examples. How can they be converted into each other? 

EIA Desree Exam. 1946, Madras Uni. £ 4 25 

5. Discuss the stereo-chemistry of malic, fumaric and maleic acids. How 
can the latter two compounds be converted into one another? 

K B.A. Degree Exam. 1941, Madras Uni 

6. Give an account of the special type of isomerism shown by unsaturated 


nd give two distinct examples. 
compounds and fg! * B.Sc. Degree Exam. 1942, Travancore Uni. 


CHAPTER XXV 
SOME HYDROXY-POLYBASIC ACIDS 


One or more hydrogen atoms of methylene group, -CHj,-, in 
dibasic acids may be replaced by -OH, -NH,, halogen, etd. ; hydroxy-, 
amino-, etc. dibasic acids are thereby obtained (cf. formation of 
hydroxy-, amino-, etc. fatty acids, p. 180). a 


CH.COOH CHOH.COOH CHNH..COOH CHCI.COOH 
|| 


| | | 
CH,COOH CH,COOH CH,.COOH CH,.COOH 
Succinic acid Monohydroxy- Monoamino- Monochloro- 

Succinic acid Succinic acid Succinic acid 


Substituted polybasic acids are similarly formed. Of these, the 
hydroxy-acids are the most important. The common hydroxy-dibasic 
acids te malic and tartaric acid. 


alic acid, HOOC-CH,-CHOH-COOH, occurs free and in abund- 
ance in many unripe fruits, €.§-, sour grapes, apples, ‘mountain-ash 
berries, tomatoes, etc., and also in carrots, lettuce, etc. Tobacco and 
maples contain the acid calcium salt, and cherries the acid potassium 


salt. Scheele (1785) first isolated the acid from unripe apples (Latin 
malum) whence the name. 


Preparation.—(1) Unripe mountain-ash berries are extracted with boiling 
Water. The extract is treated with milk of lime. The neutral calcium malate, 
CaC,H,0,,H,0, being insoluble, precipitates. It is filtered and dissolved in 
lot, dilute nitric acid, the acid calcium salt, Ca(C,H,0O.),,6H,0, formed (which 
1S soluble in water) crystallises out on cooling. It is decomposed with the 
calculated Amount of dilute H,SO, or oxalic acid. The filtered solution, on 
evaporation from water-bath, yields the free acid. 


similarl- ৰ k Malic acid is obtained 
indy EE calcium salt in sugar sand—a bye-product of the maple-sugar 


acig thetic methods :- (i) By reducing tartaric acid with hydriodic 


CROH.coOH CHOH.COOH 

+2HI = 0+. 
CHOH.cooH CH.coon + HOTT, 
Tartaric acid Malic acid 


(li) By heatin 


| Ng bromosuccini. 
formation of lacti 


Y C acid with- moist silver oxide ie 
C acid from u- 


chloropropionic acid, p. 190). 


CHBr.COOH CHOH.COOH 

| + AgOH A: + AgBr 
CH,COOH CH.COOH { 
Bromosuccinic acid Malic acid 


(iii) It is manufactured in 100% yield by heating maleic acid 
(obtained from benzene) with dilute sulphuric acid ind pressure. 
ia A TROHR.CoOH 
CH.COOH CH.COOH 
Maleic acid Malic acid 
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The constitution of malic acid follows from these syntheses ; it is hydroxy- 
succinic acid. Method (ii) may be regarded as a synthesis from elements 
inasmuch as bromosuccinic acid is made by the direct bromination of succinic 
acid which again can be obtained from carbon and hydrogen (p. 244). Malic 
acid of the market is no longer the l-acid from natural sources, but the synthetic 
inactive/Acid which is cheaper. 

tereoisomerism of malic acids.—With an asymmetric carbon, 
malic acid should exist, like lactic acid, in three forms, d-, l-, and 
inactive malic acid. All these are known. The natural acid, e.g., from 
mountain-ash berries, is levo-rotatory. The synthetic acid is inactive, 
being an equimolecular mixture (or loose compound) of dextro- and 
levoforms. ‘The dextro-variety is obtained by the resolution of inactive 
acid. The cinchonine salts of d- and l-malic acids have different solu- 
bilities. The inactive acid is converted into the cinchonine salt; by 
fractional crystallisation, the d-acid is separated. It can also be obtained 
by treating dextro-tartaric acid with hydriodic acid. These optical 
isomers differ in some minor respects but chemically, they are the 
same. Thus; dl-malic acid has a higher m.p. (139°) than l-malic acid 
(m.p. 100°); the latter is more soluble in water than the former. 


OH OH 


CH,.COOH HOOC CH, OOR 
Fig. 38. d- and l-malic acids. 


HOOC 


Some peculiarities have been observed regarding d- and l-malic acids. 
Thus l-malic acid with PCl, yields d-chlorosuccinic acid which, with moist 
silver oxide, gives d-malic acid. But d-chlorosuccinic acid with KOH gives 
l-malic acid. Again, d-malic acid gives, with PCl;, l-chlorosuccinic acid. 
l-Chlorosuccinic acid forms l-malic acid with moist silver oxide, but d-malic 
acid with KOH. In other words, reagents like PCl,, KOH, etc. reverse the 


optical rotation of the molecule, but not moist silver oxide. 


PCI; 
l-Malic acid €<—> d-Chlorosuccinic acid 
KOH 
AgOH AgOH 
KOH iT 
1-Chlorosuccinic acid —> d-Malic acid 
PCI; 


This phenomenon, discovered by P. Walden in 1893, is known as Walden 
Inversion. In some cases the inversion is quantitative, in others a mixture 
of d- and l-forms results. Some other optically active compounds, -e.g., the 
behave likewise. When the concentration of the l-acid reaches 


amino-acids, bel Sb AIL 2 
lution becomes inactive 1. ows no rotation; but above this 


34%, the so. 
concantpdtion, it is dextro-rotatory. 

EL perties, — Malic acid is a colourless, crystalline and hygroscopic 
solid, readily soluble in water and alcohol but less soluble in ether. It 
forms a monoacetyl derivative with acetyl chloride, showing the pre- 
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sence of a hydroxyl group. It is a fairly weak acid, k, = 40 x 10%, 
On catalytic reduction with hydrogen, it gives succinic acid used for 


making synthetic resin. The process is commercially followed. 
Hydriodic acid effects the same change at 130°. 


CHOH.COOH 2H TESCO: 
| 


— 
CH..COOH CH..COOH 
Malic acid Succinic acid 


On careful oxidation, it gives oxal-acetic acid which exhibits 
Keto-enol tautomerism like acetoacetic ester (Pp. 198). The secondary 
alcohol group, -CHOH., is oxidised to a keto group. 


CHOH.COOH 0 CO.COOH C(OH).COOH 
| —> | or 

CH..COOH CH..COOH CH.COOH 
Malic acid Oxal-acetic acid 


When heated, malic acid loses Water and forms fumaric acid at 
about 150°, and at 200°, mainly maleic acid but no anhydride (cf. 
succinic acid, p. 245). Here it behaves as a B-hydroxy acid (Pp. 189). 

SESRCOOH CH.COOH 


= | 
CH..COOH CH.COOH 
Malic acid Fumaric & maleic acid 


With conc. H,SO,, however, it behaves as an a-hydroxy-acid, 
forming an aldehyde and formic acid (cf, p. 190). The -OH being 


«- to one carboxyl and B- to another, malic acid Dehaves both as 
2- and B-hydroxy acids. 


HO: 


H.SO, 
_—__?7 HCOOH + OHC.CH..cCOOH 


রি gj 08s Malic acid SEL Purgative and also a remedy for throat sore. 
OClum malate which tastes like common salt, replaces the latter when 


1ts use is undesirable. Malic acid is a substitute for citric acid in 
beverages, jellies, etc. 


HOOC.CHOH.CH,.cooH 


~Tartaric acid, HOOC-CHOH-CHOH-.COOH, occurs in four iso- 
meric forms Uz, (i) dextro- (d-), (tir levo- (-), (11) racemic (dl-) and 
(iv) meso-tartaric acid (Greek mesos, middle). These are classical 


examples 7 Optical isomerism, and their thorough investigation by 
Pasteur led van’t Hoff to correlate optical activity with molecular 
asymmetry. 


Dextro-tartaric acid, CHO 
fruits such as prune, tamarind 
Potassium salt. During the late 
Juice to wine, the acid Ppotassiu 


ss iS the ordinary acid found in various 
and grape, either free or as the acid 
T stages in the fermentation of grape 
™m tartrate, being insoluble in aqueous 
alcohol, separates as a brown crust, called argol, wine-lees, or tartar 
(P. 90). Scheele, in 1769, first isolated tartaric acid from argol where- 
from the commercial acid is still made. Of the sixteen acids—organic 


and inorganic—discovered by this Swedish apothecary, tartaric acid 
was the first. 
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Properties of tartaric acids 


Tartaric acid d- l- meso- racemic 
m.p. 170° 170° 140° S06 
SPYEr 1760 1760 [T6971 1666 
[alD +12 12 0 0) 
Solubility at 20° 139 139 ToS 20:6 
£/ 100g. water 
Crystal form prisms prisms Plates Thombic 
Ki X10° at 25° {23 13 0'6 1°02 
Mols. of water 4 4 KE 3 8 

in Ca-salt 


Crude tartar or argol (recrystallised argol is called cream of tartar) is 
dissolved in boiling water and nearly neutralised with chalk. Half of the 
original tartrate separates as the insoluble normal calcium salt, the other half 


remains in solution as neutral potassium tartrate. 
2KHC,H,0, + CaCO; = K:C,H,0, + CaC,H,0, + CO, + H.O. 
Acid potassium tartrate Potassium tartrate Calcium tartrate 
The calcium salt is filtered off and the filtrate treated with calcium chloride 
solution, calcium tartrate is again obtained. The calcium tartrate from both 
the calculated amount of H.SO, and tartaric acid 


jons is decomposed by oe - 
Hani from the filtrate, after decolorisation with animal charcoal. 


K.C.H,0, = 2KCI + CaC,H,0.. 
a: bo tartrate Calcium tartrate 


হ্‌ Tartaric acid crystals are readily soluble in water, 
Properties. dT alcohol and’ insoluble in ether. The aqueous 
SESE EE sour to taste. On prolonged heating up to 150°, 


it forms the anhydride: 
OH—CO 
CH(OH)COOH TE 20 + HO 
| CHOH—C 
CH(OR)COOH Tartaric anhydride 


Tartaric acid 


-+ chars emitting a caramel-like odour and forms 
it le 


ABIVE 170°, 55 pyrotartaric or methylsuccinic acid, 
pyruvic acid : COOH, etc. On partial reduction, malic acid 
CH,CH(COOR.C hydriodic acid, we get succinic acid. On mild 
duo, iLL tartronic acid like glycerol (p. 114). 


CH(OH)COOH 
cH(OH)COOH +0, = oF COE HO: 
€ CO. 
CH(OH)COOR Tartronic acid 
a . . 8: 
Tartaric ak it into oxalic acid. With H,O, and 


.J:cino agents bre TS ডি 1 
Strong oxidising i reagent), however, it gives dibydroxy-fumaric 


a ferrous salt (Fenton OH. As a dibasic acid, it forms acid 
ত HOOC.COR etc. Normal alkali salts are soluble in water 
and neutral sats, i 2 
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but the acid salts of potassium and ammonium are insoluble. €Tartaric 
acid reduces ammoniacal silver nitrate, hence its use in mirroring glass. 


Lavo-tartaric acid is identical with dextro- in all respects except 
that (i) it shows an equal negative rotation, and (#) its crystals have 
opposite hemihedral facets. It has been found in the leaves and fruits 
of a Sudanese tree (Bauhinia reticulata). The l-acid is usually made by 
resolving the racemic acid; equal quantities of the d- and l-varieties 
thus obtained are separated by suitable methods (p. 258). 

Racemic or para-tartaric acid, C,H,O;,H,O, Occurs in grape juice. 
In 1822 Kestner isolated it from the mother-liquor of cream of 
tartar. Berzelius (1880) showed that the acid had identical . per- 
centage composition with, but different properties from, the ordinary 
tartaric acid. He named it racemic acid (Latin racemus, bunch of 
grapes) and introduced the term isomerism to indicate their relationship. 
Racemic acid chemically resembles d- or. l-acid but has different 
physical properties (p. 255). It crystallises with one mol. of water, and 
the acid or its calcium salt is much less soluble in water. 

Synthetic tartaric acid is invariably inactive, being either racemic,. 
or a mixture of racemic and meso-tartaric acid. Racemic acid is 
regarded as a loose compound of d- and l-acids ; it is obtained when d- 
or l-tartaric acid is heated with water in a sealed tube at 175°, or boiled 
with a strong caustic soda solution. The process is called racemisation. 
When concentrated solutions of d- and l-acids are mixed, racemic acid 
separates with evolution of heat. 


Meso-tartaric acid, C,H,O;,H,0, does not occur in nature. When 
ordinary tartaric acid is heated with caustic soda, meso-tartaric acid 
is formed together with racemic acid. It is also obtained by heating 
d-tartaric acid with water to about 175°, or with dilute acids. Unlike 
tartaric and racemic acid, its potassium salt is fairly soluble in water, 
but the calcium salt is more insoluble. On heating with water under 
pressure at about 170°, it is partially transformed into racemic acid. 


Chemically, mesotartaric acid is identical with other forms, but it 
cannot be resolved into active forms and has different physical 
Properties (p. 255). 


. Synthesis. —(1) «:«’-Dibromosuccinic acid, boiled with 
oxide suspended in water, yields d,]- and meso-tartaric acid: 


CHBr.COOH CH(OH)COOH 


+ 2AeOH = | T+ 2AgBr. 
CHBr.COOH Le CH(OH)COOH 
« : a ’-Dibromosuccinic acid 


Tartaric acid 
(2) Synthesis from elements: 


silver 


CH“ H CH, Br  CH.Br KCN CH,CN 
HO ALE => |] ff || 


= 
CH, CH,.Br CH,CN 
Acetylene Ethylene Ethylene bromide Ethylene cyanide 


H.O CH..COOH Br CHBr.COOH AgOH CH(OH)COOH 
—> 


[ => > 
CH..COOH CHBr. 
Succinic acid DISET CLE IE oH 
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(8) Glyoxal gives dl- and meso-tartaric acid on treatment with 

hydrocyanic acid followed by hydrolysis: 

CHO HCN CH(OH)CN H.0 CH(OH)COOH 

—> —> 
CHO CH(OH)CN CH(OH)COOH 
Glyoxal Glyoxal cyanhydrin Tartaric acid 

#» Glyoxalic acid, reduced with zinc dust and acetic acid, gives 
racemic acid: 20HC.COOH —> HOOC.CHOH.CHOH.COOH. Fumaric 
acid, oxidised with dilute pot. permanganate, also yields racemic acid 
(P- 250). 

Constitution.—Tartaric acid from analysis is C,H.O,. It is dibasic, Living 
two types of salts and esters. So it has two carboxyl groups. The di-alkyl 
ester gives a di-acetyl derivatives. Hence, there are two alcoholic -OH groups. 
Tartaric acid may, therefore, be written as C:H.A(OH).(COOH),. On reduction, 
it gives succinic acid having a straight carbon chain. Tartaric acid, therefore, 
should have the same. It splits off no CO, on heating, the two -COOH 
Eroups are not attached to the same carbon (cf. malonic acid, p. 241). Jt is 
quite stable so that the two alcoholic -OH Eroups are not linked to one carbon. 
Tartaric acid is a saturated compound. The Structural formula consistent with 
these facts and confirmed by synthesis is : HO.OC.CH(OH).CH(OH).CO.OH. 


AIsomerism of the tartaric acids—The acid has two asymmetric 
carbon atoms, each Tinked with the identical groups viz., -OH, H, 
-COOH and -CH(OH)COOH. Four cases may arise regarding optical 
activity: () Both may turn the plane of Polarisation in the clockwise 
direction, i.e., towards the right. The result is dextro-rotatory acid 
(Model If in Fig. 89). The upper half of the molecule is not a mirror 
image of the lower half; if the former represents a (+) configuration, 
the latter is also positive. 

(#) Both may rotate the plane of polarisation in the anti-clockwise 
direction, 1.e., towards the left. It is the Jeevo-rotatory acid (Model TI 
in Fig. 89), and a mirror image of Il; neither I nor II has a. plane 
of symmetry. 


(iii) The groups may be so arranged that one asymmetric carbon 
tends to turn the plane of polarisation to the right, while the other 
does to the left. One thus annuls the effect of the other. And since 
these. two carbon atoms are linked to identical groups, their power of 
rotation, though opposite in direction, is equal in magnitude. Hence 
the molecule is optically inactive due to internal compensation, and 
incapable of being resolved. This is mesotartaric acid (Model TI in 
Fig. 89). Unlike I and I, it has a plane of symmetry. 

(iv) Lastly, a combination of equal amounts of d- and l-acids 
(Models' T and I) is optically inactive obviously due to external com- 
pensation. This is racemic acid which can be resolved into the active 
forms by suitable methods. 

'ধ Cartaric acid with two asymmetric carbon ‘atoms should have 22 ie, 4 
optical isomers. Let the mirror image of TIT be called IV. ‘We then have the 
‘four ‘possibilities. But the two asymmetric carbon atoms being . identical, both 


17 


A 
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III and IV have a plane of symmetry; none is optically active. Hence the 
number is reduced to two only. 


I ATL 
l-Tartaric acid d-Tartaric acid i-Mesotartaric acid 


Fig. 39. 


The term racemic has a wider meaning ; it stands for optically inactive 
compounds consisting of equal amounts of dextro- and levo-forms. Racemic 
compounds may be resolved into active forms by suitable methods.. They are 
not mixtures, as when equal amounts of d- and l-forms are mixed together, 
heat is evolved. Moreover, the racemic compound does not resemble the d- 
and l-forms, so closely. For example, racemic acid melts at 206°, while both 
d- and I-tartaric acid melt at 170°. 


Tests.—(i) Tartaric acid or tartrates, when strongly heated, char rapidly 
giving an odour of burnt sugar. 


(ii) Neutral tartrate solutions deposit, like aldehydes, a silver mirror from 
‘.ammoniacal silver nitrate on warming. 

(iii) Neutral solutions of tartrates form with calcium chloride solution 
a white ppt. of calcium tartrate in the cold, which is soluble in caustic soda or 
‘acetic acid (distinction from oxalic acid, p. 241). 


(iv) With Fenton’s reagent (hydrogen peroxide containing a trace of ferrous 
Salt) and caustic soda, tartrates give a violet coloration. 

Uses.—Tartaric acid is a constituent of saline drinks (sherbet) and 
RD artificial wines. Sodium potassium tartrate, KNaC,H,0,,4H,0, 
‘(Rochelle salt) is used in F ehling’s solution, Seidlitz powder (a laxative) 
and in making mirrors. Tartar emetic, potassium antimony] tartrate, 
C,H ,0,K(SbO),4H,O, is an emetic in medicine and a mordant in dye- 
ing and calico printing. Cream of tartar is employed in dyeing ; baking 
powder contains cream of tartar and sodium bicarbonate ; these with 
water at the baking temperature give CO, which raises the dough; 


it has limited solubility in the cold and so does not react with the 
bicarbonate. 


Resolution of racemic compounds.—Synthetic products contain- 
ing an asymmetric carbon are invariably racemic. They can be 


tesolved. into the d- and lforms by three different methods—all 
discovered by Pasteur. 


Mechanical method.—Pasteur separated simply by hand-picking 
under the microscope the crystals of sodium ammonium racemate, 
Na(NH,)C,H,0,,2H.0, into two groups, having opposite hemihedral 
(i.e, exhibiting only half the full number) faces—one being the 


| 


SOME HYDROXY-POLYBASIC ACIDS 259 


mirror image of the other. These were found to be the two optical 
isomers, d- and L-. Crystals are enantiomorphous (enantios, opposite ; 
morphe, form) if they are related as object and image like the left and 


the right hand. 
ER 


(SE 
Al j 
ৰ “EE 
Ao 


Fig. 40. Crystals of d- and l-sodium ammonium tartrate. 


It fails if the two varieties do not crystallise separately and in 
sufficiently well-defined forms. For example, racemic acid itself cannot 
be thus resolyed. Separation is possible only below the transition 
temperature, above which symmetric crystals are formed. In the above 
case, it is 28°. Luckily Pasteur (then a Youngman of 26) worked below 
this temperature, though unknowingly. 


Salt-formation method, by far the most useful, is based upon the 
fact that salts of the components of a racemic acid or base with an 
active base or acid generally have different solubilities. They can, there- 
fore, be separated by fractional crystallisation. The original active 
components are then obtained by decomposing the salts. For example, 
to get d- and l-tartaric acids from the racemic acid, it is combined 
with d-cinchonine. The products, d-cinchonine d-tartrate and d-cin- 
chonine l-tartrate, are not optical isomers. The latter, being less soluble, 
crystallises out first. Separation by fractional crystallisation is repeated 
until the rotation becomes constant. A racemic alcohol may be 
esterified with a dibasic acid to an acid ‘ester which is combined” with 
an. optically active base, and resolved into its d- and l-components. 
These derivatives can also be separated by chromatographic methods, 
eg, l-menthyl d- and Lmandelates are adsorbed selectively On alumina ; 
their separation is thus possible. 


For resolution, optically active bases like quinine, strychnine, brucine, 
etc. and acids like tartaric acid, camphorsulphonic acid, etc., are 
commonly employed. Formation of molecular compounds (which 
crystallise asa whole) between the two salts Obtained by combining the 
racemic base or acid with an active acid or base, may, however, make 
such separation impossible. 


Biochemical method.—Some lower organisms ERS moulds and 
bacteria, selectively assimilate one optical isomer more rapidly than, 
and sometimes to the exclusion of, the other from a racemic com. 
ound. Thus, Penicillium glaucum (a species of green mould), if 
allowed to grow in ammonium racemate solution, eats Up d-tartrate 
leaving aside the l-form, and lactic acid but not the d-form. Separa- 
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tion is slow and not always complete ; one component is invariably lost. 
Simultaneously other products may be formed, rendering purification 
difficult. 

An organism having a ‘taste’ for the d-form may be induced to assimilate 
the l-form, say, by making it starve and then Supplying the l-form as food. 
It now. gets accustomed to the l-form with a consequent dislike for the other. 

Racemisation.— d- or l-tartaric acid forms racemic acid on heating 
with water at 175° in a sealed tube (p. 256). This is apparently due to 
the conversion of half of the active compound into its 1someride b 
intramolecular change. Racemisation may be effected by (i) the action 
of heat: Lactic acid, amy] alcohol, tartaric acid, etc. are thus converted 
into inactive forms; and (ii) chemical reagents: l-Malic acid forms 
d-chlorosuccinic acid with phosphorus pentachloride (p. 258). 

Asymmetric synthesis.—Synthetic methods give racemic compounds as d- 


and l-isomers are produced in equal amounts. By asymmetric synthesis is 


meant the production of optically active compounds from symmetrically consti- 
tuted molecules without resolution. 


(i) With optically active reagents: An excess of the l-form of mandelic 
acid, C,H,CH(OH)COOH, has been obtai 


with menthol (which is optically active), acetylating the reduced ester and finally 
hydrolysing the product formed. In such cases, one isomer hardly exceeds the 
other by more than a few per cent. 
2H 
C.H.COCOOH —> C,H.CO.COOC,,H,, —> C,H.CH(OH)COOC, H,, 
Benzoylformic acid Benzoylformic ester Mandelic ester 
Ac,O 


H,O0 
—> C.H,CH(O.OCCH,)COOC,.H,, —> C,H:CH(OH)COOH 
Acetyl compound andelic acid 


(ii) With enzymes : lI-Mandelic acid, in large excess of the d-isomer, has 
been obtained by reacting benzaldehyde, C,H.CHO, with HC 


N in presence of 
the enzyme emulsin from almonds, and hydrolysing the product : 


H,.0 

C.H.CHO + HCN —> CH.CHOHMCN C,H.CH(OH)COOH 
* Benzaldehyde Mandelonitrile Mandelic acid 

0 t Cent per cent pure d- or 1 
This is not, however, essentially different from (i) inasmuch as enzymes are 
complex Organic compounds Which may be optically active. In vegetable and 
animal Kingdoms, cnzymes possibly play a similar role in producing optically 
active compounds in the p 


Ure state. 
(iii) With circu: 
circularly polarised light could produce optically active compounds. A faintly 
active [(4)D not exceedi. + 
chemical decomposition of সু 
dextro- and levo-circularl: 


Sometimes almos -Variety can thus be obtained. 


e the other component of the racemic’ mixture more 
quickly than the corresponding enantiomorph, so that the less attacked com- 
Donent predominates. 


AFCitric acid, HOOC.CH..C(OH(COOH.CH,.COOH, Occurs in 
pine-apple, bones and also in all 


citrus fruits (whence the name) e.g. 
lemon, lime, tomato, Orange, e 


L : rs 
1c., often with tartaric and malic acids 
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* Cow’s milk contains a little (01%); as salts, it occurs in beet-root, 


potato, etc. Our blood serum contains about 25 Mg. per litre, and we 
normally excrete about 0°5 g. daily with the urine. Citric acid is an 
intermediate product in the oxidative degradation of fats, Proteins and 
carbohydrates in animal tissues. Scheele first isolated the acid from 
lemon-juice in 1784. With lime he obtained the calcium salt, which 
he decomposed with H,SO,. . Large quantities of citric acid are thus 
prepared even to-day in Sicily, California and other places where citrus 
fruits are abundant. Hawaii makes it from pine-apples. One ton of 
fresh lemon yields 15-50 Ib. of citric acid. 


Manufacture.—Extract of unripe lemons (containing 6-8% of the acid) is 
boiled to coagulate proteins. The decanted liquid is concentrated and treated 
with the requisite quantity of lime or chalk. The solution is boiled, calcium 
citrate being insoluble in boiling water, precipitates. It is decomposed with 
dilute sulphuric acid, insoluble CaSO, filtered off and the filtrate concentrated ; 
we get transparent prisms of citric acid, C,H,0;,H.O. 


Citric acid is manufactured by fermenting purified molasses from sugar 
factories at pH 3°5 with certain moulds (Citromycetes) at about 40° in open 
shallow pans of pure aluminium ; the yield is above 50% of the sugar used i 
jt takes 7-10 days. The acid is Purified by forming the calcium salt as above: 
In England, Japan and U.S.A., practically all the citric acid is thus made with 
the common black mould Aspergillus niger which can withstand an acid reaction 
necessary to suppress most infections. The overall change is believed to be 

C,.H:.0,, + H.O + 0. = 2G,H,0, + 4H.. 
Cane-sugar Citric acid 
Tobacco waste which contains citric acid, may be a commercial source. 

India imports citric acid (10,045 cwt. in 1955-56 valued at Rs. 14,19,520) ; 
it can be produced from molasses or citrus fruits in some states. U.S.A. makes 
about 30 million Ib. annually. 

Constitution and synthesis.—(i) Anhydrous citric acid is C,H,O,. 
(i) It is tribasic as it forms three series of salts and esters ;.so it has 
three carboxyl groups. The tri-alkyl ester gives a mono-acetyl 
derivative ; it has, therefore, one alcoholic -OH group. Citric acid may 
thus be written as C,H,(OH)(COOH),. (iii) The acid is saturated ; on 
heating, it liberates no CO, ; hence two carboxyl groups are not linked 
tc the same carbon. (7) At 179°, citric acid loses a molecule of water, 
and partially forms aconitic acid, an unsaturated acid (cf., action of 
heat of B-hydroxy acids, p. 189). Aconitic acid yields tricarballylic 
acid on reduction with sodium amalgam. ঠ 


CH.COOH TEE 
[] H 
C.COOH —> CHCOOH 


CH..cooH CH,COOH 
Aconitic acid Tricarballylic acid q 

(0) Since citric acid is hydrated aconitic acid, it is 
CH(OH)COOH CH.COOH 
HCOOH 5 C(OH)COOH 


| 
CH,cooH CH.COOH 
I 
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(ut) Its synthesis from glycerol decides in favour of IL The 


other, I, represents iso-citric acid, found in black-berry, which Fittig 
synthesised in 1889. 


CH,OH CHCl CH,CI1 CH,Cl 
|| HCI | [9) HCN | 
CHOH _> CHOH —> Fe —> SEEN 
|| 
CH,.OH CH,CI1 CH,CI CH,CI 
Glycerol ay-Dichloro- ay-Dichloro- Dichloroacetone 
glycerol acetone cyanhydrin 
CHCl CH,CN ne EEL 
HOM KCN | 2 
EY C(OH)COOH —> HLADCOOH —> OD 
| 
CH,Cl CH.CN CH.COOH 


Dichloro-a-oxybutyric acid Dicyan-a-oxybutyric acid Citric acid 
Properties.—Citric acid forms large rhombic Prisms 
molecule of water of crystallisation, which it loses at about 180°. The 
hydrated acid melts at 100° on rapid heating, and between 185-152° 
if heated gently; but the anhydrous melts sharply at 158°. It is 
ater and alcohol but insoluble in ether. The 

ystallises from concentrated aqueous solution above 
87°; hydrated crystals are formed below this temperature. Citric acid 
is fairly strong, k, at 18° is 8:2 x 10, Citrates do not reduce ammo- 
niacal silver nitrate solution On warming, but on boiling, silver is slowly 
deposited. Citric acid may be distinguished from tartaric acid as 
calcium citrate, unlike calcium tartrate, is soluble in cold but insoluble 
17 boiling water. It is also insoluble in acetic acid (cf., tartaric acid, 
). 258). This serves as a test for citrates. Citric acid or a citrate 
iberates CO on Warming with strong H.SO,, but does not char 
(cf. tartaric acid, P. 258). Citric acid here behaves as an a-hydroxy 
Bo The -OH being 2- to one carboxyl and B- to another, it behaves 


oth as a- and B-hydroxy acids. KMnO, also oxidises citric acid to 
aAcetone-dicarboxylic acid, but 


¢ j { above 835°, oxalic acid results. Nitric 
acid breaks it HP into oxalic and acetic acid. 

CH,.COOH CH,.COOH 

| HiSO, | 

f(OMcooH CO + CO +H,0 

CH COO ee 

Citric acid :{ 


Acetone-dicarboxylic acid 
Uses.—Citric acid 


ES employed in making lemonades (it is 
palatable and easily digested), as Fe £ 
ing. Ferric ammonium Citrate 


ion in the infant's stomach. Mixed with 
Onium citrate is a coating for blue-print 


Prevents the precipitation of certain 
metallic hydroxides (e.g., those of iron and copper) by alkalis, and is a 
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reagent in analytical chemistry. Tributyl citrate is a plasticiser for 
lacquers. It is used in making alkyd resins. 

Tests.—(i) Warm citric acid or a citrate with conc. H;SO 
monoxide evolves; the mixture does not char but turns yellow. © So 
(ii) Add calcium chloride solution to a neutral, concentrated solution of a 
citrate; no ppt. in the cold, a white ppt. of calcium citrate on boiling (in- 
soluble in acetic acid). 

(iii) To a neutral citrate solution, add sodium nitroprusside solution; a 
red colour is obtained, which becomes violet with acetic acid. E 

(iv) It gives no coloration with Fenton's reagent nor reduces ammoniacal 
solution of silver nitrate (cf., tartaric acid, p. 258). 

Isocitric acid, HOOC.CH(OH).CH(COOH).CH..COOH, an optically active 
form of which occurs in black berries, readily forms a y-lactone-dicarboxylic 
acid. It is not commercially important. 


QUESTIONS 


1. Discuss the constitution of citric acid. How is it manufactured? 
How would you convert propylene into citric acid? B.Sc. Subsidiary, 1952, 
Bombay Uni. 

2. How many tartaric acids are known? How are they obtained? 
How do you account for their existence? B.Sc. Pass. 1932, Dacca Uni. 

3. Discuss the constitution of tartaric acid. B.Sc. Pass, 1940, Calcutta Uni. 


4, How is tartaric acid usually prepared? Deduce its constitutional 
formula. B.Sc. Pass, 1929, Calcutta Uni. 

5. Explain van’t Hoff and Le Bel's theory of molecular configuration 
and show how it accounts for the existence of the different varieties of 
tartaric acid. B.Sc. Pass 1934, Calcutta Uni. ; B.Sc. Degree Exam. 1941, 
Annamalai Uni. 

6. How are succinic, malic and tartaric acids related to one another? 
How can you convert one into another? 

J. How do you arrive at the structure of citric acid? B.Sc., 1945 & 1947, 
Benares Hindu Uni. ; B.Sc., 1948, Gauhati Uni., B.Sc., 1952, Calcutta Uni. 

8. Explain, with illustrations (1) Walden inversion and (2) Resolution 
of racemic acid. - 

9. How can you synthesise malic and tartaric acids from their elements? 


How is mesotartaric acid obtained and in what ways does it differ from its 


isomers ? 

10. Give a 
1941; B.Sc. 1949, Gauh 

11. Explain and illustrate 
racemization, Stereoisomerism, 
Patna Uni. 

12. State bri 
of tartaric acid. 


n account of the stereoisomerism of the tartaric acids.  A.LC. 
ati Uni. B.Sc. 1952, Calcutta Uni. & Allahabad Uni. 


any four of the following terms ; condensation, 
homology, and unsaturation. B.Sc. Pass, 1942, 


jefly the methods of preparation of the various stereoisomers 
B.A. Degree Exam. 1942, Madras Uni. 


\ CHAPTER XXVI 
‘ \ THE DERIVATIVES OF CARBONIC ACID 


Carbonic acid, H,CO,.—An aqueous solution of carbon dioxide 
behaves as a dibasic acid; it contains only a little of carbonic acid in 
equilibrium with water and carbon dioxide. The acid is Very weak (k 
for the first H is 8x10-’ at 18°), and has no free existence but its 
salts are quite stable. Its low strength appears to be largely due to its 
instability. Its anhydride, CO, and metallic salts are aE in 
text-books of inorganic chemistry. Carbonic acid, OC is the 

EL 
simplest of the organic dibasic acids ; it is hydroxyformic acid. Two 
-OH groups attached to the same carbon make it unstable. The -CO- 
group being common to the -OH Sroups, it behaves as a dibasic acid, 
though two independent carboxyl Sroups are not present. It ionises as 


HO-CO-OH <=> HO0-CO-0- + H+ 


70-CO-O" + H+ 


Esters of carbonic acid, CO(OR),, are conveniently obtained by 
boiling silver carbonate with alkyl iodides. These may also be prepared 
by reacting alcohols with carbonyl chloride (p. 265). 


CO(0As); + 2C.H,I = CO(OC.H), + 2AGL. 

Silver carbonate Ethyl carbonate 
) Alkyl carbonates are colourless, Pleasant-smelling liquids which 
dissolve in water with gradual decomposition into alcohol and carbonic 
acid. Ethyl carbonate, a liquid, boils at 126°. 
. . Carbonyl chloride, COCL, is the 
it is formed when chl I 
J. Davy (1812) Obtain 
Presence of sunlight a 
Commercially, it is made by Dpassi 
200° or by Passing 
over heated pumice Soi | In NE Are L EE d by the 
action of sulphur trioxide (co UREA bil 2 
tetrachloride. ‘ CN) 0 UO CO 


CCl, + CO, = 2COCI,. CCl, + 250, = 
" = COCI, + S,Cl,0.. 
Carbony] chloride Kl ? PRE chloride 


colourless, highly poisonous pas (b.p. 8°) 
It is Teadily soluble in Beene The gas 
ed LE EE HCl. With alcohol, 
late, ent, and wit iami 

urea. Carbonyl chloride is used in Ten EE GE 
the 19 a poison gas. 
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C,H.OH C,H.OH 


OCC, 5 OC(CDOGHE = 5: OC(OGH); 


Carbony!1 chloride Chloroformic ester Ethy carbonate 
OCCI, + 4NH, = OC(NH:): + 2NH,Cl 
Urea 
Like carbonic acid, ortho-carbonic acid, C(OH),, has no free i: 
but its esters are known ; ethyl ortho-carbonate, C(OC:H.),, is a Noid OE 
158°) with a pleasant odour. 
Amides of carbonic acid.—As a dibasic acid, carbonic acid forms 


two amides: 
OC(0H). —> OC(OH)NH, —> OC(NH:.), 


Carbonic acid Carbamic acid Caurbamide or urea 

Carbamic acid, amino-formic acid, NH,-CO-OH, does not occur 
free but its salts, esters and amides are known. Carbamide or urea is 
the most important derivative. Ammonium carbamate, NH,COONH,, 
is present in commercial ammonium carbonate, being formed by the 
interaction of ammonia and carbon dioxide. It may be extracted 
therefrom with alcohol. It is easily prepared by passing dry carbon 
dioxide into alcoholic ammonia. Ammonium carbamate is a white, 
crystalline powder. On warming with water, it yields ammonium 


carbonate: H.O 
4+ CO, —> NH,COONH, —> (NH.);Co, 


f carbamic acid, termed urethanes, are pre- 
nm chloroformic ester. Urethane or 


lid (m.p. 50°), soluble in water, 


2NH, 


Urethanes.—Esters 0 a 
pared by the action of ammonia (0) 
ethyl carbamate is a crystalline 0 
alcohol, and ether. It is a hypnotic. 

TET CL CO.OC:H, = NH:.CO.OC:H; + HCl. 
ENE onal ester Urethane 
CED) carbamide, H,N.CO.NH,, has some historical import- 
ance; Ei the first organic compound TEE in the laboratory 
in 1828 by Wohler. It was isolated i OEE) from urine 
(whence EE name), where it OCCUrS As AE Fe CAPO HON product 
of proteins. The urine of mammals, Ee and some birds and 
EE asin CE LEE ECU normally excretes about 80 g. (nearl 
DD rea has been found in moulds ; uric EE 


2% of the urine) per 5 Se of urea. 


ES 4 yr SyStem, 1s, 3 

present in a Jb (1) From urine.—On adding HNO, to a highly 

concentrated urine, the crystals of sparingly soluble urea nitrate, 

re) TINO,, separate. Urea is liberated from the nitrate with 
(NH,).- 3’ the dried mass, urea is extracted with 


; ৰি te. From টু t 
barium carbona on evaporation, yields urea. 


alcohol. The extract, 

¢ = Ba(NO,): + HO + CO; + 2CO(NH.).. 
2CO(NH.);- HNO: BSL: i Tres 

2 ethod-—An aqueous solution of ammonium cyanate 
( s 0 TE NOEnd (NH.),S0,) on evaporation to dryness on 
a mixture © SO,. Urea may be extracted therefrom 


ন ea and K,S0,. ae 2 
WALT DAT Ee alcohol in which K.,50, is insoluble. By intramole- 


nium cyanate forms isomeric urea. ‘The reaction 
cular change, Ammon! 9 j 
is Ever equilibrium is reached at 98% conversion. 
j; 
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NH,OCN > CO(NH.). চ্‌ 
Ammonium cyanate Urea 
From acid chloride—Urea may be Prepared from carbonyl 


chloride or ester of carbonic acid by reacting with ammonia (cf... 
formation of acetamide, PP- 162, 171) 


NH.|H + CIHICO|CL + H|NH, + 2NH, = NH..CO.NH, + 2NH,CI. 
Carbonyl chloride 


Urea 
NHIH + C:H,OiCO|OC:H; + HINH, = NH.CONH, + 2C:H.OH. 
Ethyl carbonate Urea 
) Urea is manufactured by passing dry ammonia in large excess 


and carbon dioxide into an autoclave maintained at 180°-140° and 85 
atmospheres. Ammonium carbamate, first formed, changes to urea 
and water. The conversion is about 40%. Tf ammonium carbamate is 
heated in the open. it dissociates into ammonia and carbon dioxide. 

2NH, + CO, > NH..CO.ONH, <=>? NH..CO.NH;, + H.0 

Ammon. carbamate Urea 
Due to high concentration of ammonia, the following side-reaction' 

cannot occur: 

NH.CO.ONH, + H,0 <> (NH,),CO, <=>? 2NH, + CO, +H.0 


(5) Urea is also made by partial hydrolysis in feebly acid solution of 


cyanamide prepared from CaC, and nitrogen in the electric furnace 
(P. 220). This is no longer economical. 


H.SO, 
CaC, + N, —> CaN.CN — > H, 


Calcium.carbide Calcium cyanamide 


H.0 
NC=N —__> H.N-CO-NH, 
Cyanamide Urea 


operties.—Urea is a colourless, 
(m. p. 182°). It is readily soluble in water, 
methanol, less so in ethanol, but insoluble in ether. The acqueous. 
solution is neutral It is a very weak monoacidic base: 
(k= 15 x 10-14), forming salt with only one molecule of a 
id. The nitrate, CO(NH,),,ANO,, and the oxalate, 
[CO(NH.),],,HLC.0,, are the important salts, both sparingly soluble in 
Water and crystalline ; they are utilised for the separation and detection 
of urea. Urea is hygroscopic, it rapidly absorbs moisture from the: 
EE 
eactions,—(i) Like oth ides 
by boiling alkalis, acids, or oa ea 
NH-,.CO-N 
. (it) Biuret Reaction. 


urea is hydrolysed to ammonia 
ater under pressure. 


H. + 2NaOH = Na.CO, + 2NH.. 


ন: ্‌ ‘—On slowly heating, urea melts and suddenly 
EC CT 7 160°), forming biuret ৰন ammonia. Biuret is a 
colourless, crystalline solid 


(m.p. 193°). 
Violet colour with NaOH an i ) 


It is a test for urea. But o 
or -NH-CO- groups (e.g, 


Its aqueous solution develops a 
of a very dilute CuSO, solution. 
nds with two or more -CO-NH, 


oxamide, N > টু 
this test. HL.OC.CONH,, proteins, etc.) give 
NH.-CO-NHIH + HEN|-co 


NH, — NH.-CO-NH-CO-NH, + NH... 


Urea Urea Biuret 


— + ——— 
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(an) Heated rapidly above its m.p., urea forms cyanic acid which 
readily polymerises to cyanuric acid (p. 220). 


CO(NH;), = HOCN + NHE.. 3HOCN = (HOCN).. 
Urea Cyanic acid Cyanuric acid 


(iv) Nitrous acid readily splits up urea into carbon dioxide 
nitrogen and water (cf, the action of HNO, on primary amines, p. 204). 
Urea is,' therefore, employed to remove nitrous acid from a TEACH 
mixture where its presence is undesirable. 


NIE + OI=NIOH 


CK ie =. - CO, + 2N, + 3H,0. 
N|H, + O1=NO ্‌ং 


(0) Alkaline hypochlorite or hypobromite decomposes urea to 
water, nitrogen and carbon dioxide ; the alkali retains the carbon dioxide 
and only nitrogen is evolved. Urea in urine is thus roughly estimated 
by measuring the nitrogen (Pp. 268). 


NalOfcL NalOlcl Na Ee 
N— 


CO| —NIH. 


[6] 
H. 


(vi) When a neutral solution of mercuric nitrate is added to a 
solution of urea, a white, curdy ppt. of a basic compound, 
2CO(NH,).,Hg(NO.)»3HgO, is obtained. In liquid ammonia, urea 
and alkali metals form salts such as NH..CO.NHNa and CO(NHNa).. 

(vii) An enzyme, urease, found in soya-bean (Glycine hispida), 
hydrolyses urea to ammonium carbonate rapidly and quantitatively. 
This is utilised in estimating urea, (p. 269). Soil bacteria similarly 
decompose urea of urine into ammonia and carbon dioxide. 


CO(NH.): + 2H.O = (NH,),CO.. 
Urea Ammonium carbonate 


= 3NaC! + N;, + 2H,0O + CO.. 


Urea forms ring compounds ; malonic ester and urea give 

bituric acid (p. 2438). 

id, CON OEE টি ne EEN By PTONG 
ecause Emi. IScher, 1ts discoverer, 

er Dh HE carriage window at Verona after AE 

Baeyer to,discuss its propeities. 

-tion,— The molecular formula of urea is CON,H,. Its 
forme ito a chloride of carbonic acid, COCI,, or“ ethyl 
carbonate and ammonia (pp. 265-6), suggests that Ee is an amide (cf., 
f ion of acetamide from acetyl chloride, p. 162 and ethyl acetate, 
ormatio either case, the yield of urea is quantitative, and unlike 
| 171). In FR stable salts with strong acids. The formation of 
diamides it hydrolysis, supports the diamide structure (cf., hydrolysis 
A যং 166) Pyrolysis of urea also gives ammonia but no water. 

ami 1) ts 


CO(NH.), + 2NaOH = CO(ONa), + 2NH.. 


(vit) 
malonyl urea or bar 


i by nitrous acid indicates the 

i ‘on of nitrogen from urea i 

E eo NH, SOs in the molecule (cf., action of HNO, on 
ERNIENE oS ines, P 504). But it does not follow from the diamide 
ori ডি Ted ‘is monoacidic. An alternative structure, suggested 


Mh PAHS ps SS ES Fp DARL EYE AER 
and carbon dioxide into an autoclave maintained at 180°-140° and 35: 
atmospheres. Ammonium carbamate, first formed, changes to urea 
and water. The conversion is about 40%. If ammonium carbamate is 
heated in the open. it dissociates into ammonia and carbon dioxide. 
2NH, + CO, > NH..CO.ONH, <=> NE..CO.NH, + HO 
Ammon. carbamate Urea 

Due to high concentration of ammonia, the following side-reaction 

cannot occur: 


NH.CO.ONH, + H,0 > (NH.).CO, <> 2NH, + CO, +H.0 
(5) Urea is also made by partial hydrolysis in fecbly acid solution of 


cyanamide prepared from CaC, and nitrogen in the electric furnace 
(P. 220). This is no longer economical. 


H:SO, H.0 
CaC;, + N, —> CaN.CN —> H,NCSN — > H.N-CO-NH, 
Calcium carbide Calcium cyanamide Cyanamide Urea 
Ee Tes is a colourless, odourless, crystalline solid 
(m. p. 182°). It is readily soluble in water, moderately soluble in 


methanol, less so in ethanol, but insoluble in ether. The acqueous- 
solution is neutral to litmus. It is a very weak monoacidic base’ 
(k = 15 x 10-4), forming salt 


> with only one molecule of a 
monobasic acid. The nitrate, CO(NH,),,HNO,, and the oxalate, 
[CO(NH.).],,H,C.0,, are the important salts, both sparingly soluble in 
Water and crystalline ; they are utilised for the separation and detection 
Of Urea. Urealis hygroscopic, it rapidly absorbs moisture from the: 
RRA 


eactions,—(i) Like other amides 


j is h monia 
by boiling alkalis, acids, urea is hydrolysed to am 


Or water under pressure. 


slowly heating, urea melts and suddenly 
£ ./orming biuret and ammonia. Biuret is a 
colourless, crystalline solid (m.p. 198°). Tts aqueous solution develops a 
nd 1-2 drops of a very dilute CuSO, solution. 


It is a test for urea. But other compounds with two or more -CO-NH, 


or -NH-CO- groups (e.g., 


: oxamide, NH,OC.C. i .) give 
this test. 20C.CONH,, proteins, etc.) gi 
NH,-CO-NHIH + HN|-CO-NH, = NH,-CO-NH-CO-NH, 4+ NH 
Urea Urea y k ্ে 


Biuret 


0) Alkaline hypochlorite or hypobromite decomposes urea to 
water, nitrogen and carbon dioxide ; the alkali retains the carbon dioxide 


and only nitrogen 1s evolved. Urea in urine is thus roughl i 
by measuring the nitrogen (p. 268). VENER 
Na|OTJCI Na 


[0] 
[H.IN— 


0lcl Nalola! 
Col _N|H.| = 3NaCl + N, + 2H,0 + CO. 


] (uni) en a OE OT of mercuric nitrate is added to a 
solution of urea, a WwW ite, curdy ppt. of a basic com ound, 
2CO(NH.)..Hg(NO.)»3HgO, is obtained. In liquid Snonias urea 
and alkali metals form salts such as NH,.CO.NHNa and CO(NHNa).. 


(vif) An enzyme, urease, found in soya-bean (Glycine hispida, 
hydrolyses urea to ammonium carbonate rapidly and quantitatively. 
This is utilised in estimating urea. (p. 269). Soil bacteria similarly 
decompose urea of urine into ammonia and carbon dioxide. 


CO(NH.): + 2H.O0 = (NH,),CO.. 
Urea Ammonium carbonate 


(iti) 
malonyl ure 
jethyl barbituric acid, CO(NH-CO),C(C:H .);, is the well-known hypnotic, 
Sena (or barbitone) so called “because Emil Fischer, its discoverer, happened 
to Wake UP and look out of his carriage window at Verona after a visit to 


Baeyer to iSCUS: 

Ar ctitution.— The molecular formula of urea is CONH,. Its 
Tonnes fron Fhe acid chloride of carbonic acid, COC, Ee | 
carbonate and ammonia (PP. 965-6), suggests that It is an amide (cf. 
formation of acetamide from acetyl chloride, p. 162 and ethyl acetate, 


Pp. 171). In neither case, the yield of urea is quantitative, and Te 

diamides it forms stable salts with strong acids. The formation of 

ammonia, on hydrolysis, supports the diami e 

of amides |) 166). Pyrolysis of urea also gives ammonia but no water. 
Nap! 


CO(NH): + 2NaOH = CO(ONa): + 2NH.. 


চে 5 from urea by nitrous acid indicates the 
Liberation of nitrogen TT. i 
STEEN of two -NH, groups in the molecule (cf., action of HNO, on 
XiS 304). But it does not follow from the diamide 

Ye An alternative structure, suggeste. a 
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lo) . . 
by Werner, HN=CK explains the ease with which urea loses 
NH, 
ammonia and forms cyanic acid on heating; but N is here quinque- 
NH 
ৰ accounts for its mono- 
NH, i 
acid nature and also why it gives O-alkyl derivatives but does not 
follow from its mode of formation. It cannot explain Why urea gives 
no water on pyrolysis—even P.O; splits off NH, from urea. 


valent. Chattaway’s constitution, HO—C 


= NH, 
Urea is now believed to be a resonance hybrid of SUC 


রর 
+ NH, 
= NH, ped 
and 0-K and probably also of the diamide structure, 
NH, 4 
NH: ea o টু 
OOS Which is consistent with the fact that from X-ray analysis 


the nitrogen atoms in crystalline urea are found to be identical, and 
the carbon-nitrogen bond length equal to 188A which is intermediate 
between 148A for CN (e.g., in amines) and 128A for C=N. Dipole 
moment value NE this hybrid structure. This zwitter-ion Structure 
explains its monoacidic nature also; the proton from a strong acid 
being added to the negatively polarised oxygen atom: 


NH, 
J: KE OF 
H, NH, 
Two nitrogen atoms linked to 0 


ne carbonyl group make urea somewhat more 
basic (k, = 1'5X10-") than a monoamide, e.g. acetamide (k, = 3'1x1075. 


NH 
Urea forms N-alkyl derivatives, e.g., O=0< b as well as O-methylurea, 
NR 


CNH, j 
NRE under suitable conditions. 


urea behaves as a tautomeric compound (the tautomerides have not, however, 
been isolated) : & 


This is explained by assuming that 


OC 
= 2 H-OtC 
NH. SE 
Tests.—(i) Urea is detected b 
(ii) Add conc. HNO,, or a str i i j 
solution of urea 2 WEN LR Ong Solution of oxalic acid to an aqueous 


J line ppt. of urea Nitrate or oxalate is obtained. 
(iii) .Add sodium hypobromite Solutio. 


i mn (N: ine-water 

to an aqueous solution of urea, nitrogen is NE added to bromin: )) 

(iv) Add sodium nitrate solution and then di solution, 
carbon dioxide and nitrogen are evolved. ilute HCI to urea 


/NH: 


Y the biuret.reaction (p. 266). 


Uses.—For making plastics with formaldehyde, huge quantities of 


urea are used. Urea-formaldehyde resin is used in making plywood. 

€ resin is a factor in the Anticrease process for cotton. 
It is an excellent fertiliser, having 47% avai able nitrogen. But 
Plants cannot assimilate ure 


a directly as they do nitrates; soil 
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bacteria split i i 
plit it up into CO, an hi i 
convert into fines F aki AE EB SE 
2) STATE rE or making veronal, a soporific, urea stib. RS 
ন Cs .NH-CO-NH.C,H,.SbO(OH),, a wellknown Toned 5 
ARE in the treatment of wounds and as a stabiliser td i 2 
se, urea is employed.. Urea i ঠৰ ট্‌ 3 
হা ploy ea is a softener for cellophane, rayon, 
Estimation.—Urea in urine i | 
% L. is estimated by adding a k 4 
EE excess of alkaline hypobromite solution And Hieasirnint US RES 
RE (wide reaction (v) Pp. 167). This is 7801 PEELED 
retical though urine contains other compounds which give Ee in Ce 
Oogen. LC 


method is for rough estimations only. 


HEED 
আর) 


I 
{ 
bs 
fl 
i 
8 
{ 


Fig. 41. The ureometer. Fig. 42. Lunge's nitrometer 
The large tube closed at upper end (Fig. 41) is filled with freshly prepared 


hypobromite solution (10 c.c. of bromine and 56 g. of causti' নু 
of water). In the side-tube is taken urine or a diliite ie EEE LOO ACC 
the stopcock, 1 c.c. of urine is introduced into the larger limb. When”. BE TAOTE 
gas evolves, the volume is noted. The closed tube is graduated to jndicate the 
amount of urea per C.C. of solution. Lunge's nitrometer (Fig. 42) ma asd BE 
employed for this purpose. JOE SO 


Biochemical method.— 
ammonium carbonate by urease 
shown in Fig. 43... The tube (A) 
i hich retains any 
in the air drawn 


Urea is quantitatively and selectively decomposed 'i 
(p. 267). The experimental ta DRETLEAT i 


through the apparatus. In (B) is 
placed 5 c.c. of urine, 10 c.c. of 
act, Sco of phos- 


liquid parafhn 
It is placed in a beaker of water 
kept at 50°-60°. 

tains 25. c.C. of 002N HCl. The 
tubes are closed 
is added and allowe 
15 minutes. By mean! 
pump, a slow curren! 
‘drawn through the sys 


s of a water Fig. 43. Estimation of urea with urease. 


t of air is (« 
tem. Any ammonia formed in the second tube is 
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Thio-urea, thio-carbamide, H.N-CS-NH,, is made by heating 
ammonium thiocyanate, NH,CNS, (a by-product in the wet purification 
of coal-gas) to 170° (6, formation of urea from ammonium cyanate, 
P.- 265), extracting the residue with water and crystallising the product. 

NH,CNS <> H.N-CS-NH, 


It is also manufactured from calcium cyanamide by treatin 
dilute H.SO,, filtering off CaSO, , adding excess NH,OH to the fil 
and passing HS gas. 

CaCN, —> CN.NH, —> CS(NH.), 


Thio-urea is a colourless, crystalline solid (m.p. 180°), fairly soluble 
in water and alcohol. It is made into synthetic plastics which are more 
stable and more water-resistant than urea Plastics. Like urea it behaves 
as a tautomeric compound, giving both N-alkyl and S-alkyl derivatives. 
Thio-urea is a reagent for the estimation of lead and cadmium. Jt 
Protects wool and furs from insects. | 

Semicarbazide, NH,CONHNH,, is made by the interaction of 
hydrazine sulphate and Potassium cyanate (cf., Preparation of urea from 
ammonium sulphate and potassium cyanate, p. 265). It may also be 
Prepared by the electrolytic reduction of Ditro-urea, NH,CONHNO, 
(obtained by adding solid urea nitrate to conc. H.SO, at —8°) 


NH.NH..HOCN > NH.CO.NH.NH, 


with 
trate 


Hydrazine cyanate Semicarbazide 
NH..CONHNO, + 6H = NH,CONHNH, + 2H,O. 
Nitro-urea Semicarbazide 


Semicarbazide (the half amide half hydrazide of carbonic acid) is 
a crystalline solid (m.p. 96°), soluble in water and alcohol. It is a 


fairly strong base; the sulphate or hydrochloride is Widely used as a 
reagent for aldehydes and ketones (pp. 129, 139). 


QUESTIONS 
1. Why urea is calle 


Upport this view of its d carbamide? Mention two experiments which 
i Ag” Of its composition. Explain the reactions used in its detection: 
B.Sc. Pass, 1938, Dacca’ UE Plai s 


2. How is carbony] Chloride Prepared? Describe the action of Water, 
alcohol, and ammonia on it. How is it related to carbonic acid? 
3. Discuss the co 


i i IW Could you detect its presence 
in an aqueous solution? 


at are its uses? 


. 4 imated? Give a neat Sketch of the apparatus 
employed and also discuss the Principle involved in its estimation. 
5. How is urea commonly Brepared ? Give its important reactions and 
discuss its constitution. B.Sc. 1934, Punjab Uni. “ i 

6. How is urea manufactured? Discuss its structure. What happens 
When it is heated? How does it react with (a) nitrous acid, (b) alkaline 
hypobromite, and (c) malonic ester? B.Sc. 


Degree Exam. 1942, Andhra Uni. 
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THE CARBOHYDRATES 


A very important group of natural products Consisting of carbon 
hydrogen and oxygen, has the name carbohydrate. The last যG 
elements occur in the ratio 2:1 as in water. Their feneral formula 
may, therefore, be represented by CzH.,0y, or Ca2(H,O0),, whence the 
name ‘carbohydrate’ or hydrate of carbon. This is somewhat mis- 
leading, for 
. (1) These compounds do not behave like hydrates of other elements and 
in fact, no hydrate of carbon is known. 


(2) Compounds other than carbohydrates may have the sam 
formula, such as formaldehyde, CHO; lactic acid, C,H.O, ; SEES 
C,H,0,; ; methyl formate, C:H,O; ; inositol, CH,,0,, etc. t 


* (3) Some carbohydrates do not c il 5 
Lane tad (2:1) aE rhamnose and HUG ie HOLES POLE 
C,Hi,.0;, while digitoxose is C,H,.0.. ¢ 

Nevertheless, the name has been retained for want of a more 
suitable one. Carbohydrates are important both from biochemical and 
industrial points of view. It has been estimated that they constitute 
about three-fourths of the dry weight of the plant world. They include : 


(i) Sugars, e.g., cane-sugar, glucose, etc. ; some of these are importa 
. ঃ nt 
articles of food, and the sources of alcohol, etc. They make fruits SE 


(ii) Starches such as rice, wheat, potato, barley, etc., which are by far 
the most important food-stuffls. 

(iii) Celluloses in the form of cotton, jute, straw, grass, wood, etc. These 
supply textiles, paper, etc. 

Some of the most useful materials for our existence and civilisa- 
tion are obtained from carbohydrates. They are, in fact, the fuel which 
serves to carry on the vital processes. Carbohydrates occur most abun- 
dantly in plants and only to a limited extent in animals (as milk-sugar, 
glycogen, etc.). About 40 sugars have so far been isolated from these 
sources. It is a fascinating problem for the plant-physiologist to explain 

Ss are synthesised by plants from simple sub- 


how these complex bodie. J } 
stances like EO dioxide and water. What r6le they play in human 


metabolism, it is not within our domain to discuss. We shall discuss 
their chemistry only. 

Classification.—The carbohydrates may be broadly subdivided 
into TWO ErOUPS, viz, sugars and non-sugars. The sugars such as 
glucose, cane-sUugar, etc., are soluble in water, sweet to the taste and 
crystalline ; while non-sugars, e.g., starch, cellulose, etc., are insoluble, 
practically tasteless and apparently amorphous. But a more scientific 
classification is based on their molecular ET e.g, 

i i ccharoses (Greek sakkharon, sugar) which 
Ge Ens to FTETEALBOn HR the molecule, i ! xylose, 


C,H,,0; ; glucose, C,Hi:0,, etc. 
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(i) Di, tri- and tetrasaccharides Which contain twelve, eighteen or twenty- 
four (i.e.,™ Multiples of — Six) carbon atoms, such as cane-sugar, C;aH220,,+ 
raffinose, C;sH,.0,,, stachyose, C..H.,0,,. These may be regarded as gluco- 
sides of sugars, as glucose is invariably a common constituent. They are also 
collectively called Oligosaccharides (oligo, a few). These yield 2, 3 or 4 mols of 
monosaccharides on hydrolysis. 

(iii) Polysaccharides Such as starch, cellulose, glycogen, etc., which are 
of large but unknown mol. wits. and represented by the general formula 
(CHO): They are formed by condensation from n molecules of mono- 
saccharoses by the elimination of n molecules of water. They yield many 
monosaccharide mols. on hydrolysis. Pentosans like xylan and araban, 
(C;H,O,)n, belong to this group. Along with cellulose, they are widely distri- 
buted in nature. Plant gums and mucilages, widely used as ‘adhesives and 
thickening agents, are hetero-polysaccharides ; €.9., gum arabic consists of 
arabinose, rhamnose, galactose and glucuronic acid units. Agar, a laxative and 
a culture medium in microbiology, is the Sulphuric acid ester of Lalactan, a 
linear polymer of galactose. It is a seaweed colloid extracted from Gelidium, 

Monosaccharoses are polyhydric alcohols having a free or Potential 
aldehyde or keto group. They are the simplest of carbohydrates and 
are non-hydrolysable. The names of carbohydrates end in -ose. The 
monosaccharides are further subdivided according to the length of 
their carbon chain, €.8., pentose, C;H,,0,, hexose, CHL 0;, etc. 
Of these, the most important are the hexoses, C,H, ,0.. They mostly 
occur free in nature and are called aldoses or ketoses according as 
they contain the aldehyde or the ketone group. Thus, glucose is an 
aldo-hexose, and fructose a Kketo-hexose : 


CH,OH(CHOH),-CHO CH.OH(CHOH),-CO-CH,OH 
Aldo-hexose (glucose) Keto-hexose (fructose) 
General properties.—The monosaccharides or monoses 
rally crystalline, neutral bodies, insoluble in ether, 
in alcohol and readily soluble in water. They are sweet to the taste, 
and char when heated. Naturally Occurring monosaccharides are 
optically active, their specific rotation helps their identification. Carbo- 
hydrates, as a rule, are remarkably stable to racemisation (Pp. 260). 


are pgene- 
sparingly soluble 


As alcohols, sugars form both ethers and esters. Methylation is 
usually done with methyl] iodide and silver oxide, or dimethyl sulphate 
and alkali, and acetylation with acetic anhydride and ZnCl, Methyl- 
ated and acetylated Sugars have proved useful in the elucidation of 
their configuration. Both aldoses and ketoses readily reduce ammonia- 
cal solution of silver nitrate and Fehling’s solution. The latter serves as 
a method for the estimation of sugars. ‘The ketoses thus differ from 
ordinary ketones which Are not reducing. The monosaccharides form 
additive compounds with HCN, but do not yield aldehyde-ammonias 
Or bisulphite compounds. Both aldoses and ketoses, however, produce 
oximes, hydrazones, Phenylhydrazones, etc. The phenylhydrazone first 
formed further reacts with two more molecules of the reagent, as we 
shall see shortly, to produce sparingly soluble, yellow osazones which 
have characteristic crystalline shapes (Fig. 44) and definite melting 
Points. These serve for the identification (and in some cases separation) 
of the sugars. Emil Fischer (1852-1919), the celebrated German 
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chemist, to whom a fair Portion of our knowledge of sugar chemistry 


is due, first introduced this valuable reagent which he discovered in 
1875. 


Glucosazone (ructosazone) 


Maltosazone 


Lactosazone 


Fig. 44. Crystals of Osazones. 


Aldoses are readily oxidised by mild oxidising 
carboxylic acids and, by strong nitric acid, to dicarboxylic acids, 
both containing the same number of carbon atoms. Ketoses, on 
oxidation, yicld acids with a fewer carbon atoms. Hexoses, but npt 
Pentoses, undergo alcoholic fermentation with yeast (P-. 87). On 
reduction with sodium amalgam, both aldoses and Ketoses take 1 
two atoms of hydrogen and form corresponding alcohols. With hot 
and concentrated alkalis, sugars turn brown and ultimately resinify 
with warm dilute alkalis isomerisation may take place; flucose thus 
partially changes to fructose. Monosaccharides form metallic deri- 
vatives with lime-, strontia- and baryta-water ; some of these, being 
sparingly soluble in water, are useful in purifying sugars. Distilled 
with moderately strong HCl, pentoses yield furfural, CH,0,, (which 
gives an intense violet-red coloration with aniline acetate) and hexoses 
form hydroxymethylfurfural which readily Passes on to levulinic acid 
(Pp. 199). Pentoses can thus be distinguished from hexoses. By con- 
densing the furfural with phloroglucinol in HCl, Pentoses are usually 
estimated. 


agents to monpo- 


d-Glucose, grape-sugar or dextrose, C.Hi.0,.—By far the most 
important monosaccharide is glucose (Greek Elucus, sweet) which 
is widely distributed in the seeds and leaves of plants. Together with 
fructose, it occurs in large quantities (20-80%) in Tipe grapes (hence 
the name grape-sugar), sweet fruits, the nectar of flowers, the white 
and yolk of egg, and in our blood in small quantities. Honey is a mix- 
ture of glucose and fructose (1:1) In water (20%). Glucose is produced 
in our system by the hydrolysis of cane-sugar and starch mainly: 


C:zH.:0;, + HO = C,H,.0, + C,H,.0.. 
Cane-sugar Glucose Fructose 


Both cellulose and starch, on hydrolysis, finally yield 


nal glucose. 
Other intermediate products are usually formed in either case: 
Cellulose —> cellodextrin —> cellobiose —> glucose 


Starch —> dextrin —> maltose —> glucose 
18 
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All disaccharides and most glucosides have glucose as one of 
their constituents. Anthocyanins—the water-soluble colouring matters 
of many plants and flowers—are also glucosides. Some tannins are 
esters of glucose and hydroxy-aromatic acids. 

Normally, 0°08 to 0°11% glucose is present in our blood, and none in 
urine. Blood of diabetic patients may contain 0'3% or more of glucose and 
urine as high as 10%. Insulin, a protein hormone, effects more or less complete 
decomposition of glucose in the body, and is administered to diabetic patients 
whose normal secretion of insulin into the blood has been seriously affected 
due to defective functioning of the pancreas. Fructose, however, is readily 
utilised by diabetic animals in contrast to glucose. 

Preparation.—40 g. of finely powdered cane-sugar, 4c.c. of conc. HCI and 
100 c.c. of 90% alcohol are warmed in a flask to about 50°, with occasional 
shaking, .for about two hours. It is then allowed to cool. A few crystals of 
anhydrous glucose are added to induce crystallisation, and the mixture kept 
at room temperature, when glucose, being less soluble in alcohol than fructose, 


crystallises first. It is filtered off and purified by recrystallisation from 80% 
alcohol. 


ufacture of glucose.—Though cellulose can be almost quantitatively 
hydrolysed to BIUcose, the process being lengthy and tedious, is seldom com- 
mercially followed. It is, however, reported that in Soviet Russia, the difficulties 
of such large-scale production have been overcome. Glucose is manufactured 
by hydrolysing starch with dilute mineral acids. Rice, maize or potato is mixed 
with sufficient water (about 3 times by weight) and heated under pressure (4-5 
atmospheres) with dilute sulphuric or hydrochloric acid (05%). The hydrolysis 
is complete in about 14 hours. The product is neutralised with soda ash. The 
filtered solution is decolorised by passing through bone-char filters and con- 
centrated in vacuum pans. The product solidifies on cooling. It is sold in 
small slabs or as a syrup. Commercial glucose (also called corn sugar) always 
contains some maltose and dextrin. The pure form may be obtained by 
crystallisation from methyl alcohol. Unlike cane-sugar, glucose is rather 
difficult to crystallise. Manufacture of glucose is quite a big industry in many 


countries but not in India. India imported 10,203,990 lb. of glucose worth 
Rs. 40,08,662 in 1955-56. 


(C.H,,O)n + nH.O লছ nCsH,.0.- 
Starch Glucose 

Properties.—Glucose is a white, crystalline solid, sweet to the 
taste (But Tess sweet than cane-sugar) and readily soluble in water. 
From aqueous solution, it crystallises in plates with one molecule of 
water, Which melt at 83°. From alcohol, the anhydrous crystals 
(m.p. 148°) are obtained. Glucose is dextro-rotatory, hence the 
name dextrose; but l-glucose is also known. ‘The specific rotation 
of a freshly prepared solution of glucose in water is [alo = + 110°. 
The value falls gradually and finally becomes [a]Jo = +525°. Tunis 
change in rotation is accelerated by heat and alkalis. If, however, 
glucose is crystallised from dry pyridine, its rotation in freshly prepared 
aqueous solution is [oo = 4-19°. On standing, the value betomes 
[alo = 4+52°5°. This shift in optical activity is known as mutarotation 
(Latin mutare, to change). Many sugars exhibit mutarotation. It is 
because glucose exists In two stereoisomeric ‘forms, ‘viz., a-d-glucose 
(from alcoholic or acetic acid solution) and B-d-glucose (from pyridine 
solution). In aqueous solution, the 4-form changes to the B- and vice 
versa until equilibrium is reached, the mixture having the rotation 
[Jo = +525°. It contains about 84% of the «- and 66% of the B-form 
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(f.e., in the ratio 1: 2 approximately). Ordinary glucose is mainly the 
u-Variety. A sugar exhibits mutarotation in a solvent such as water. 
A levo-rotatory and also an inactive variety of glucose have een 
synthesised. Chemically, glucose behaves both as an aldehyde and an 
alcohol. For convenience, it is represented here by an open-chain 
though, in fact, it has a ring structure. 


Reactions of glucose.—(i) It reacts with HCN and forms the cyanhydrin : 
ww —_—_—_—___—_—_—_—_— Fy 


CN 
CH,OH(CHOH),-CHO + HCN = CH.OH-(CHOH),-CH 
Glucose Glucose cyanhydrin Non. 


(ii) With hydroxylamine, it gives the oxime : 


‘CH,OH(CHOH),.CHO + NH.OH = CH.OH(CHOH),.CH=NOH + H,0. 
Glucose Glucose oxime 


(iii) Chlorine- or bromine-water oxidises it to gluconic acid (m.p. 131°): 


CH,OH-(CHOH),-CHO + O = CH,OH-(CHOH),-COOH. 
Glucose Gluconic acid 


(iv) Nitric acid produces saccharic acid and finally oxalic acid : 


[0) [0) 
CH,OH(CHOH).CHO —> HOOC(CHOH),.COOH —> HOOC.cooH 
Glucose Saccharic acid Oxalic acid 


(v) Sodium amalgam, electrolytic reduction or sodium borohydride gives 

sorbitol : 
CH,OH-(CHOH),-CHO +- 2H = CH,OH-(CHOH),CH.OH. 
Glucose Sorbitol 

Hydriodic acid and red phosphorus reduce glucose at 100° to 2-iodohexane 
and ultimately to n-hexane. 

vi) Phenylhydrazine finally produces an osazone (-ose + hydrazone). 

Dissolve 1 g. of phenylhydrazine in 1 c.c. of glacial acetic acid and dilute 
it tol 10 cc. with water. Add 05 £. of glucose in 5 c.c. of water to the 
phenylhydrazine solution. Warm the mixture in a water-bath, yellow crystals 
of osazone (m.p. 204°) appear after about 8 minutes. Tt may be recrystallised 
from alcohol. The reaction takes place as follows: 

lucose and phenylhydrazine first give glucose phenylhydrazone 
LE ELS of aldehydes, p. 129), which is soluble in water. ৰ 
CH,OH 


CH,OH | 
(HOH). = eT +. HO. 
CHor 3 H.IN.NHC.H; CH=N.NHC.H; 
Glucose Phenylhydrazine Glucose pheuylnydrazone 
A second molecule of phenylhydrazine then ‘oxidises> the -CHOH- 
oup Lalacent to the aldehyde group, and a keto-compound is thus formed : 
Fi CH,OH Ee 
(CHOB), + NH.NH.C;H; = (CHOH), + C:H;NH, + NH.. 
| || Aniline 
CHOH bd 
LH=N.NH.GH CH=N.NHC,H; 


Phenylhydrazone of glucosone 
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(c) This keto group reacts with a third molecule of phenylhydrazine to 
give insoluble phenyl glucosazone (cf., reactions of ketones, p. 1538). 


CH,.OH CH,OH 
(CHB). (CHOH). 

LO FEHIN.NH.CH, = C-N.NHC.H, + HO. 
CH=N.NH.C.H, CH-N.NHC.H, 


Phenyl glucosazone 


It is now believed that osazone is formed as follows for phenyl- 
hydrazine is not an oxidising agent (Weygand, 1940): 
C.H.NHNH, 
—CHOH—CH=N.NHC,H, —> —CO—CH:NHNHC HH, > 


Phenyl bydrazone 


CH.NHNHC,H. CHNHNHC.H, -C.H.NH, CH=NH 

| —> I ———> 
C=N.NHC,H, CNHNHC,H. TENE EL 
|| || 

C.H:NHNH, CH=N.NHC,H; 

—— + NH, 

ER NECE 
Osazone 


The osazone stabilises by ring formation due to hydrogen bonding and 
no further reaction with phenylhydrazine is possible. 


(vii) Fehling’s solution or ammoniacal silver nitrate is readily reduced 
by glucose (cf., behaviour of aldehydes, p. 130). 


(viii) With absolute methyl alcohol, glucose forms two glucosides in 
Presence of dry HCl. Apparently, the aldehyde (but in fact an -OH) group 
combines with the alcohol. These glucosides exhibit no aldehydic function 
Or mutarotation. They are ethers and so, fairly stable compounds. ‘Glucoside’ 
1s a general term for any sugar having a substituent on carbon-1. 


EE CH,.OH 
|| 

JES CH 

| 
CHO + CH,OH _—> (CHOH), 0 + H,0 
Glucose | 

LRM 

OCH, 


Methyl glucoside (a- and B-) 


(ix) With acetyl chloride or aceti a 
is finally obtained as from polyhy Es EEE, the pentacetyl derivative 


CH,.OH 


CH.0.0C.CH, 
(CROR), + SCH.COC! = (CHOOC.CH,), + SHC 
| 
CHO 
Glucose BED 


Pentacetyl glucose 
(x) Yeast readily ferments glucose to alcohol and carbon dioxide (p. 87). 


রণ ক 
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C:H,.0, = 2C:H,OH + 2C0.. 
Glucose Alcohol 


(xi) With lime-water, calcium glucosate, C:H;,0.,Ca0O, (soluble in water 
but insoluble in alcohol) is formed. This is decomposed by carbon dioxide 
to pure glucose. With baryta-water, a similar compound is obtained. Glucose 
is more acidic (ka = 6'6X10-") than a monohydroxy alcohol. 


Constitution of glucose.—(i) The molecular formula for glucose, from 
analytical data, 157 CiH..0.. (ii) On acetylation, it gives a penta-acetyl 
derivative, and on methylation, a penta-methyl ether. Hence, glucose has five 
alcoholic -OH groups. These are presumably linked to five carbon atoms as 
glucose is a stable compound. (iii) On oxidation, it gives gluconic acid, CH;.0,. 
Tt is reducing and reacts with HCN, C.H;,NHNH:, NH.OH, etc., hence an 
aldehydic group is present. (iv) Sodium amalgam reduces glucose to sorbitol, 
C,H,.0,,. (a hexahydric alcohol) which, with HI, gives normal B-iodohexane, 
CH,CHI(CH.),CH,. Glucose cyanbydrin, on hydrolysis and reduction with HI, 
gives normal heptylic acid, CH..(CH:)..COOH. So carbon atoms in. glucose 
apparently form a straight chain. To explain these facts, Baeyer in 1870 
suggested H.OH.CHOH.CHOH.CHOH.CHOH.CHO for glucose, which was 


established by Kiliani in 1886. 


This has four asymmetric, carbon atoms, so 2, i.e., sixteen optical isomers 
should exist according to van t Hoff but actually there are more. The above 
constitution fails to account for this, and (i) mutarotation, (ii) its failure to 
form sodium bisulphite compound or aldehyde-ammonia, and (iii) the existence 
of two isomeric methyl glucosides, or of a- and B-d-glucose. ” Emil Fischer 
discovered the two methyl glucosides in 1894. Tollens (1883) first suggested 
a butylene oxide Ting formula for glucose. In 1926, Haworth proved that 
glucose has a six-membered amylene oxide ring. (When compounds other than 
form rings with oxygen, they are called oxides ; e.g., ethylene oxide, 


acids vl 
amylene oxide, ctc.). 5 
OL 
rE Oa AL et 
EI | Er HSE 
HORE ©: LE? OE LES HOCH % 
H-C—OH | EOE H-C-OH | 
UAE n Con Eo 2, 
Y || 
OH CH.OH CH.OH 
NESE Aldehydrol BOLE 


ucose to form aldehyde-ammonia and bisulphite-compound 
2 Inability of Bose has a potential, but not free aldehyde Ero The 
is thus is band for the aldehyde group is absent in the ultra-violet absorp- 
characters um of glucose in aqueous solution. Further, the aldehydic carbon 
tion SECC e) has now become asymmetric and the spatial arrangement of 
(in IO Hes given rise to two additional stereoisomers, Viz., a- and B-glucose. 
H and -OF nm as well as the formation of two methyl glucosides is also accounted 
Mutarotatio 1 ring is not very stable ; with strong reagents, it opens up 
for. The obits aldehydic reactions. a-Glucose is converted to the B-form 
ES ‘the open-chain, hydrated aldehyde (aldehydrol) form. 
through + a third glucose, called Yy-glucose, with a five-membered ring. It 
There is d known only in the form of derivatives, e.g. Y-methylglucoside, 
LE syrup by treating d-glucose in the cold with methanol containing 
obtaine 
1% dry HCI. HCOH-—-CHOH-—-CHOH-CH— CHOH-—CH,OH 


| 0 
Y7-Glucose 
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orth represents glucose by a hexagonal or pyranose structure which has 
EEE ESTEE a- and ss have the same structure but different 
configurations ; y-glucose has a different structure and ‘configuration. না 
pounds with two -OH groups lying close to one another in space, e.g., glycero 
but not ethylene glycol, increase the electrical conductivity of boric acid 
considerably. Of the two stereoisomers of glucose, the one that behaves like- 


Wise, is called a-, in which -OH groups on carbon I and 2 are on the same side 
of the plane of the ring. 


CH,OH 
CH.OH CH,OH le 0 
Hn ANF H ৷ OS oH A 
OH H OH H | 
kt Se iA 2 H H OH 
= = 
H H OH OH 
a-D-gluéose B-D-glucose 


Y-D-glucose 


Uses. Glucose is extensively used in c 
of fruits, making jams and silvering mirrors. 
and calcium, it forms food for the invalid. G 
venously for increasing blood-sugar. It is fermented to wine and beer. 
A commercial synthesis of vitamin C (Lascorbic acid—an unsaturated 


sugar derivative) starts from d-glucose. India requires’ 90,000 Ib. of it 
annually of which only 500 1b. is made locally. 


onfectionery, preservation 
Mixed with vitamin D 
lucose is injected intra- 


g’S solution (commonly used for 
detecting sugar in urine) and ammoniacal silver nitrate solution, giving a silver 
mirror. (ii) The osazone (vide p. 275) melts at 204°, (iii) Conc. H,SO, does 
not char glucose in the cold (distinction from cane-sugar), but on heating, the 
Solution turns black. 


Sugar solution is Slowly run in fro 
the blue col 


mM the burette, the end-point is reached when 
indicator. 


lour just disappears. Methylene blue may be used as an end-point 
ডু le bl harged by excess Elucose. To avoid oxidation 
by air, the titration is done at about 100°, so that steam fills up the flask. 
Fehling's soluti F against a known glucose solution in the same 
Way. For quick estimations, cuprous oxide from a known volume of liquid 
&'s solution, is Weighed. Glucose in urine is thus estimated. 
Synthesis of Elucose—Emil Fischer reduced a-acrose (fructose, p. 114) to 
mannitol which he oxidised with HNO, to mannonic acid. This, on epimeri- 
zation, gave gluconic acid which was reduced to glucose. 


. Fructose, fruit-sugar or Ixvulose, C,H, ,0,, occurs with glucose, 
in Fruits (ence the ন 


5 (he! Dame, fruit-sugar) and honey. Cane-sugar, on 

hydrolysis, yields fructose and glucose (p. 278). Inulin, (C,H,0)n, 
found in some plants, is a Polymer of fructose. 

Preparation.—In the laboratory, fructose is i সে 

p L y, Prepared by hydrolysing cane. 

Sugar with dilute H.SO,. The acid is neutralised with barium carbonate and 

the filtrate concentrated. Tt 1S cooled in ice, and slaked lime is slowly added; 

calcium fructosate, being sparingly Soluble, separates. It is filtered, washed with 

Water and treated with carbon dioxide in aqueous Suspension. Calcium 

Carbonate is filtered off and the filtrate concentrated. On cooling and after 
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sowing with a few crystals of pure fructose to induce c! isation, th 
) uctos TyStall tal 
slowly appear. Fructose and its derivatives crystallise CH ES EE 
চট 


glucose. bp 5 |? ff 
Fruit-sugar 1S manufactured from inulin which. occurs in the tubers 0 


dahlia and Jerusalem artichoke. Inulin is heated with di ন 
for about an hour. The hydrolysis is practically EE EE 
removed by baryta. On concentrating the solution under reduced ক নি 
crystals of fructose slowly appear, which may be purified by etc CSU 
from hot, absolute alcohol. Inulin is also hydrolysed by. water under DIES 


containing carbon dioxide. 
s.— Fructose forms rhombic crystals (m.p. 102°-104°) from 


Propertie: 
absolute aTcohol. From water, we get 2C,H,,0,H,0. It closely 


resembles glucose Dut is leevo-rotatory ; hence the name lzvulose. A 
dextro-rotatory levulose is also known. Fructose is sweeter and also 
han glucose; in fact, it is the sweetest of all sugars 


more hygroscopic t 
Icohol and carbon dioxide but less readily 


It is fermented by yeast to a 
Tt exhibits mutarotation—the sp. rotation is [Je = -188° 


than glucose. 
immediately after dissolving, and [4] = -92° finally. Fructose is not 
oxidised by bromine-water. 

Reactions.—Unlike ordinary ketones, fructose readily reduces ammoniacal 
silver nitrate and Fehling’s solution like glucose. This is due to Fe ন 
oxidisable group .CO-CH.OH in the molecule. Nitric acid or bromine-water 
oxidises fructose to mesotartaric and glycollic acid ; glucose, on oxidation, gives 
saccharic acid (P. 275). 

CHO, + 30 —7 CHO; + C,H,O, 


Fructose Glycollic acid Meso-tartaric acid 


This suggests the presence of a ketone group. Fructose forms a cyan: 
hydrin, an oxime, etc. On reduction, fructose yields equal amounts of mannitol 
and sorbitol (which are stereoisomers) but glucose gives only sorbitol. 
2G.H,,0, + 4H = CHO, + CHO. 


S Fructose Mannitol Sorbitol 


with phenylhydrazine it gives the same osazone as does glucose, 


Because য 
CH.OH.CHOH.CHOH.CHOFH® is common to both glucose and Hr EEOE! 
Putting for brevity K for this, 

() K=—C=0 NH..NH.C.H; =. KC=N.NH.C,H; + HO. 
Phenylhydrazine | 
CH.OH CH.OH 
Fructose Fructore phenylhydrazone 
6) KC=NNH.CH, 2 KC-N.NH.C.H, + C,HNH, + NH. 
| ‘Aniline 


CH.0H + NH..NH.CsHs CHO 
KC=N.NH.CiH; + Hi,0. 


| 
CHO + NH..NH.CsHs CH=N.NH.CHs 
Fructosazone (or glucosazone) 


I 


(i) KC=N-NH.CHs 


stution.—(i) From analytical data, fructose is CHO. (ii) It f 
LConigergT™ derivative on acetylation, so it has five -OH ELE 
a Ey not more than one -OH linked to the same carbon atom. (iii) On 
Eo Taton with HNO, it yields acids with a fewer carbon atoms e.g., tartaric 
oa Jlic acids ; it reacts with HCN, C,HINH.NH:, etc. Hence, it has a 


and glyco 
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keto group. (iv) Fructose and glucose yield the same osazone. The two carbon 
TUG where they differ, have the following arrangement. 


CH.OH CHO 


[&0) CHOH K = CH.OH.CHOH.CHOH.CHOH- 
| | 

K K 

Fructose Glucose 


(vy) Fructose cyanhydrin, on hydrolysis, gives the corresponding hydroxy- 
acid which, on reduction with hydriodic acid, yields methylbutyl acetic acid : 


‘CH,OH CH.OH CH.OH CH, 
|| | OH | OH || 
CO HCN C HO eg HI CH.COOH 
| > NEN [ NcooH = al 
ESD: (CHOH), CROW: (CEs bh 
|! 
CH,OH CH.OH CH.OH CH, 
Fructose Cyanhydrin Hydroxy-acid Methylbutyl acetic acid 


The keto group, therefore, Occupies the second 
Synthesis of inactive fructose by condensing dihydr 
aldehyde (p. 114) also leads to the same conclusion. 


position from one end. 
OXy-acetone and glyceric 


CH,OH CH,OH CH.OH CH,OH 
|| | Aldol | 
CHOH [o0) —_——> CHOH CO 
|| condensation | | 
CHO + CH,.OH CHOH— _CHOH 
Gtlyceric aldehyde Dihydroxy-acetone 


Fructose or a-acrose 


Like glucose, it forms stereoisomeric fructosides. A pyranose structure (with 
an amylene oxide Ting) has been assigned to it. 


H H 0. £ 
og কন চ HOCH: ANN 
nH CH,OH H OH Er { H 
ঘর্‌ B 
Hi Ho H Ho n 
মর HH ZA HOH EACH OR 
—— — Ho. NE 
RH H ্ 


Y* fructose 


«-D-fructose B-D-fructose 


€ not been isolated as yet. 
It is a constituent of cane- 
-furanose is transformed into 
uctose is invariably y-. 
Ordinary fructose has a configuration simila AE 
বং T to d-glucose, hence it is 
Sametimes called d-fructose though it is levo-rotatory. For similar TeasOns, 
es of d-sugars) that are dextro- 
fusing, is generally followed in 
er to the configuration and not 


f Tot OMe use Roman Capital letters, D- and L-, 
for configuration and italics, d- and L-, for Optical rotation. 


Onversion of glucose into fructose and Vice versa. —Glucose is first 
transforme Osazone wi cnylhydrazine. € OsaZone, on hydrolysis, 
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yields a keto-aldehyde. called osone. The l 

- . id Do t i i i 
and acetic acid, gives fructose. Putting Kor CHOHCEHSN CHO Go 
2 al HE 


KCHOH C.H.NH.NH, KC=N.NH.CGJH, HO KCO H KC 
£2 0 


ERO f E CH-NNHCH, — CHO ™~ 
C sHs 
ICOSE Osazone Glucosone HSE 


Fructose, on reduction, yields mannit j 

5, On ction, 5 Ol and sorbitol । i 2 

to mannonic acid which. is partially converted into ESSERE OTE 

with. pyridine or quinoline (epimerization). It is then edu Sl 

Partial or complete inversion of H and OH on carbon-2 is ন EDA 
2 Tisation 


(Greek, epi, besides or upon). 


CH,.OH CH,OH COOH COOH OG 
|| 
OH HOCH HOCH HOH EON 
HOCH HOCH HOCH HOCH | 
| |] 2H | MES Heat { 2H i 
BONE HEOH —> BLOW EES THCOH ES HCO Uf 
| HS HRs HEE HCOH He EE 
| 
EH CH,OH CH,OH CH.OH CH.oH 
d-Fructose dlMannitol' d-Mannonic acid d-Gluconic acid GE 


d from glucose by its negative rota- 
mpound with lime-water, calcium 
Sodium hypoiodite oxidises aldoses 
ce estimated in presence of glucose. 
ie reduces Fehling's solution and ammoniacal silver 
n osazone (the same as from glucose) which, however, 
(iii) Heated with a little resorcinol in HCI, fructose 
gives a ; All keto-hexoses give this test (Selivanoff's test). 
av) Warmed with a little :Shly made ammonium molybdate solution and a 
few drops of glacial acetic acid, fructose gives a deep greenish blue coloration. 
Galactose, C;H,-0,, rarely occurs free in nature; galactan, a 
olymer of galactose, is found in many plants and in sea-weeds (e.g., 
f lactose or milk-sugar from 


agar or agar-agar). It is a constituent of ‘a 
which Pasteur (1856) first isolated it, whence its name (Gala, milk). As 


galactoside, it occurs in some plants (e.g, digitalin) and in combined 
state in brain and nerve tissues, hence called brain sugar. Galactose is 
repared by hydrolysing lactose with boiling dilute H.SO, and separat- 
ing it from glucose by ‘fractional crystallisation from water. Galactose 


crystallises first. 


Fructose can be distinguishe 
the insoluble lime co 
oluble in water. 

So fructose may b 


tion and 
glucosate being s 
but not ketoses. 


0,, + HO = C.Hi:0. + CHO. 


C,H. 
Galactose Glucose 


Lactose 
ms with one molecule of water (m.p. ON, 
the anhydrous Sugar melts at 166°. Galactose, an ক aL 
mutarotation. It is dextro-rotatory [o]Jo = + 808° (final value); [a]o for 
a-galactose is + 145° and for B- +54°. Ttis less sweet and less solubl 
in water than its Isomers, glucose and fructose. Galactose CSE 

lowly fermented by yeast. On reduction, it El 


glucose. It is s z 
dulcitol, a hexahydric alcohol, which is inactive. On oxidation 


Galactose forms pris 
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galactonic and finally, mucic acid (which are isomeric with gluconic 
and saccharic acid respectively) are obtained. It forms an osazone 


(m.p. 194°, separates after 80 mins.), reduces Fehling’s solution and 
gives a penta-acetyl derivative. 


eed Ho HO 
LD রব 
NEL 

L LE H H 
a-D-galactose B-D-galactose . 


There are many synthetic sugars—mostly prepared by Emil Fischer. These 
include pentoses, hexoses, heptoses, etc., many of which are not found in 
nature, e.g., l-glucose, d-fructose, l-galactose, etc. 


The ‘disaccharides are ‘anhydrides’ of tw 
Saccharides, same or different. Glucose is a 
all known disaccharides, the other may be a pentose or a hexose, an 
aldose or a ketose. By far the most important disaccharide is cane- 
Sugar or sucrose. Milk-sugar (or lactose} and malt-sugar (or maltose) 
are isomeric with cane-sugar. These are readily hydrolysed to consti- 
tuent sugars on boiling with dilute acids, or by enzymes. 


CisH.,0,, + HO = C,H,,0, + C,Hi,.0, 


0 molecules of mono- 
common constituent of 


Invertase 

Sucrose ——> Glucose + Fructose 
Lactase 

Lactose > Glucose + Galactose 
Maltase a 


Maltose > Glucose + Glucose 


CHO, + HO = C,H,.0, + C,H,0,. 
icianose Glucose Arabinose 
Disaccharides are Sweet 


2° IPE UsUally fermented by yeast unless hydrolysed. They crystallise 
more readily than monosa 


group is invariably Occupied in combi 
be free. In the former case, disaccharides are reducing, and also exhibit 
mutarotation. 


CEOSC, CANCE SEAL Or saccharose, C,.H,,0,,, occurs in many 
Plants, abundantly in su 


gar-cane. Sugar-maple, sorghum, and some 
species of palm also contain Sucrose. It is found, often with mono- 
saccharides, in many fruits ; Pine-apple contains about 11%, apricot 
nearly 6%, ripe banana 5% of Sucrose (Latin saccharum, sugar cf. 
Sanskrit Sarkara for sugar). 


Cane-sugar was known to the 


ancient people. In India, sugar-cane was 
cultivated and sugar exported to 


Europe after Alexander's invasion in 327 
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B.C. The Greek physicians called it ‘Indian salt’. In Europe, honey was 
the only sweetening material prior to that. In the 19th century cane- 
sugar became an article of commerce. In 1747 Marggraf, a German chemist. 
discovered sucrose in beet-root. The sugar content was then only about 6%, it 
was not an economic source. Agricultural research raised the figure to 18-20%, 
and in some cases, 28%. The manufacture of sugar from sugar-cane (in India} 
or beet (in Europe) is one of the most important industries of the world. 
Beet-sugar and cane-sugar are identical. 


Manufacture of beet-sugar.—Beet-roots are washed with water to remove 
the adhering dirt and mechanically cut into thin slices. These are treated 
in a series of vats with water at about 90°. The sugar and other crystalloids 
ass out of the semi-permeable cell wall, and the colloids such as albumin, 
etc. remain inside due to dialysis. The pulp retains about 0'2% sucrose. The 
ievus extract containing 12-15% sugar is heated to 85-90° with 2-3% of 


aqu for about 2 hours. Lime neutralises and precipitates as calcium salts the 
He AEB (oxalic, phosphoric, citric, etc.) which hydrolyse sucrose. Lime 
Tr 


ins and removes much colouring matters. A part of the lime 
congulates HOT tcharate with sucrose. Excess of lime is Removed with carbon 
forms ca ন ‘h decomposes calcium saccharate. Calcium carbonate is removed 
dioxide Ww! ed The solution. is kept slightly alkaline. Sometimes sulphur 
by filter Pre ed in to decolorise the solution. The filtered juice is evaporated 
dioxide is passe heated by steam. The concentrated liquid is cooled, 
in vacuum pans formed are separated from the dark brown mother liquor 
crystals of SUCTOSE TE brown raw Sugar is refined by filtering its aqueous 
by centrifuging. imal charcoal beds and crystallisation in vacuum pans. 
solution through anim econd crop of crystals is recovered in the same way. 
From the molasses, 2 5 mally contains about 50% of fermentable sugar) 
The molasses (which no used as cattle food (it is rich in nitrogen). Most 
is fermented to alcohol or can, however, be recovered by treating it with hot 
of the sucrose of molasses strontium saccharate formed is removed and 
strontium hydrate. dioxide, The recovery of sucrose from the beet is 
decomposed LENE of thE world-production of sucrose is from beet and 
nearly 88%. OL 
the ly from cane. ar.—The cane with sucrose content 12-19% (soon 
Manufacture of canes n to non-crystallisable sugar), is placed on the 
after” harvest tO avoid Inv n of steel slots carried on roller chains. There 
-carrier, a con jves at the end of the carrier, running at about 500 
Cane-carriet, olving steel kni the ‘cane is cut into small pieces to feed the 
is a set of TevO Vn ute. EATEN 2-roller crushers and four sets of mills. 
ASS 


tions per 
EEO ese usually Pass is pressed out by the crushers and the first two 


r jon of Juice 1° t in later stages due to low juice content, 
The major Erction becomes Ce blanket of the fibrous material, called 
mills. As ex i yed © d aid further extraction by milling. The 


spra: ae. 
hot or cold, is SP dual juice an y j ্) 
Water, 10 dilute the resi tically 90-95% of the sucrose is thus extracted. 


bauyusse, i to pass into the juice. The 
p tel Joidal matter P: Juice. 1 
process is ES causes ৰ TC) of fibre, is used as fuel for steam-raising 
Intensive mm! having about ~ lator board. 


Sd Ue aSse, ba eat insu 
ee beking celotex, 4 Hr about 15% of sucrose and small amounts of 
ih ark raw Juice COUCids, colouring matters, gums, nitrogenous bodies, 
The Ct ctose, organic fine particles of bagasse in suspension. It is 
ose, fruc ution, 2 ded impurities, limed to pH 72, and heated nearly 
Pech i remove the cn of lime and coagulation of albuminoids. The hot 
Straine |p the a ত 

help 
ling to sel 

ion allowed oud ; 
layer of SCU™ mediately ®'phur dioxide is bubbled through. This sulphita- 
Very EE om of SE 16 pH 70. Sulphitation prevents the oxidation of 
from the 0°. are adjus inoids 
tion and iro © matter, Ee formed ; the solution is bleached and it 
sucrose না 

ith better Bre 
Yess white crystals, 
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lear juice from the subsiders is pumped into the evaporator supply 
EE it Passes to the multiple-effect evaporator. The juice Gro 
12°Bé) enters the first body of the evaporator and a syrup of about 60 
comes out of the last body. Exhaust steam from the engines of the factory 
boils the juice in the first body, and the Vapour from the first body of the 
multiple-effect evaporator is used for heating the second body and SO on. 
A vacuum of about 26 inches is maintained. ‘The concentrated syrup is led 
to pans maintained in vacuum for crystallisation. The rest of the process 
is the same as in the case of beet-sugar. The crystals are separated from the 
brown liquor (molasses) by centrifuges and if ‘necessary, a little ultramarine 
Or indanthrene blue is added to mask the brownish colour of the crystals. 


Molasses contains nearly 30% of sucrose; it is consumed by tobacco 
Smokers and used as manure. Alcohol is made from molasses. Poor quality, 
low yield of cane Per acre, and partial recovery of bye-products largely account 
for the high cost of Indian Sugar. 

Indian sugar industry.—Prior to 1932-33, there were only 32 sugar fac- 
tories in India, and practically all the sugar came from Java. In 1918-19, she 
imported sugar worth £10,409,094. As a result of protection, the number 
of factories rose Up to 158. In 1958, 154 sugar mills produced 20,06,400 tons 
of white sugar. The recovery of sugar from cane is about 9:5%. In 1958 India 
exported 50,000 tons of Sugar. 

Consumption of sugar per annum per capita is 113 Ib. in Australia, 
103 Ib. U.S.A., 37 lb. in Europe, and 25:9 Ib. (both unrefined Sugar i.e., gur 
and refined sugar) in India. 
ঠা Properties. —Sucrose forms colourless monoclinic crystals, soluble 
in water but practically insoluble in absolute alcohol and ether, It is 
dextro-rotatory [4Jo = +66°5°, but exhibits no mutarotation. 


Pure 
Sucrose melts at 160° to 186° depending upon the 


barley sugar. At 
Ct called caramel, 
edicinal products, 
perature, it carbonises and forms 


190°-200°, it loses water and forms a brown produ 
extensively used in confectionery and colouring m 
Wine and beer. At still higher tem 
Sugar charcoal. 

Cane-sugar neither reacts with Phenylhydrazine nor reduces. 
Conc. HLSO; chars it at ordinary temperature. Dilute mineral acids 
(HCl or HNO, 1s much more effective than HiSO,) or certain enzymes 
Hydrolyse it to glucose and fructose, the “resulting solution has 
[«Jo = -20°. Since dextro-rotatory cane-sugar thus gives a leevo-rotatory 
mixture, the process is known as inversion. Invert-sugar (glucose and 
fructose) 1S sweeter than sucrose. It is a substitute for honey, and a 
food for infants and invalids. A strong sugar solution inhibits the 


growth of many micro-organisms and i 
{2 is Y 
Conc. HNO, oxidises Sucro: দু ETE 


Weak acid (ka = 18 x 10-13) 
../: Lime-water, ba i 
soluble saccharates with , eg Fe 3“ He CER 
G6 CaO,2H,0. EGS EEE < 
a0 a FH, Jasses gona compound is utilised in recovering 
Sucrose from beet-molasses. Sucrose is fermented to alcohol by man 
enzymes: oY Y 


Invertase 


z 
Sucrose — > Invert-sugar eo Alcohol 


Yeasts which do not contain invertase (e.g., Saccharomyces octo- 
Sporus), cannot, therefore, ferment Sucrose. Moderately strong HCl 
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conyerts sucrose into levulinic acid (p. 199) on boiling. Levulinic 
esters, made from sucrose, are solvents for nitrocellulose. Sucrose 
resists the action of boiling alkalies. With acetic anhydride and 
sodium acetate, It gives an octa-acetyl derivative. 
Structure.—(1) From analytical data, sucrose is C,:H:.0,;,.- 
(2) On, hydrolysis, it readily yields one molec 2 
fructose easily ; these are linked through oxygen, er KE Ee nl 
(3) Sucrose has eight -OH groups as it gives an octa-acetyl AEA 
4 It is non-reducing and forms no hydrazone, osazone or oxime. HELE 


the potential ketone and aldehyde groups are occupied i.e., 
the Perron 2 of fructose are linked through 130 ole LRG LES LT 


5) Octamethylsucrose gives on hydrolysis 2:3 :4:6-tetr Ee 

and 1:3:4: 6-tetramethyl-y-fructose. Therefore, carbon 5 of ELE Sr 
fructose have no -OH group to be methylated. They must have formed rings 
in the respective hexoses (vide Dp. 277, 280). Based on these facts, Haworth 
(1926) assigned to cane-sugar the structure: s 


CH.OH 0 
0. 
H (I Nr sone A LL 
] 
HN ZEN Ho | hh 
— } | CH,0H 


H OH FH 
SUCROSE = 


«-Glucopyranose B-Fructofuranose (y-fructose) 


In sucrose, fructose has a butylene oxide ring which, during 
hydrolysis, becomes an amylene oxide ring (p. 280). Sucrose has BED 
synthesised in 1944 enzymatically from glucose-l-phosphate and 
fructose, and by a purely chemical method in 1958. 

Tests.—(i) Cane-sugar does not reduce Fehling’s solution, but does so after 

heating with dilute acids (i.e., after inversion). 

(ii) The aqueous solution does not darken on warming with caustic soda. 


hars with conc. sulphuric acid at room temperature. 


(iii) It cl ] 
(iv) Solid sucrose, on heating, turns brown and forms caramel. 


(v) The octa-acetate melts at 67°. 
Estimation.—(1) Sucrose is estimated by measuring its rotation in aqueous 
solution (the crude juice is treated with basic lead acetate to precipitate proteins 
a saccharimeter (a special form of polarimeter showing the 
sucrose content directly on the scale)—the rotation being proportional to 

i js is done in sugar factories. 
SE iS boiled with dilute H.SO, and the invert-sugar estimated 
ith 2nling's solution like glucose (p. 278). Any reducing sugar, if originally 
wil Hh 


imilarly determined before inversion. 
be quickly estimated by a refractometer. the 


3) Pure Sn Eoieons solution is proportional to its concentration. 
bs amount sweetens our food-stuff as table 
-producing food, giving 1815 calories 
aps transparent. It increases the tensile 
f Cane-sugar ortar by 60%. ‘The octa-acetate is a plasticizer 
strength of lime ন ingredient of non-aqueous adhesives; it stiffens 


for lacquers, eS paper transparent. 


textiles an! 
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Properties of Sucrose, glucose and fructose 


Sucrose Glucose Fructose 
m.p. 160°-186° 148° (anhydrous) 102°-104° 
[alp +66'5° 2525 E92 
% ্ু (final value) (final value) 
Does not exhibit Exhibits Exhibits 
mutarotation mutarotation mutarotation 
Fehling’s soln. Does not reduce Reduces Reduces 
Nitric acid % Meso-tartaric acid & 
Oxidises to Oxalic acid Saccharic acid glycollic acid 
With Gives phenyl- Gives phenyl- 
phenylhydrazine No reaction glucosazone Elucosazone 
Warmed with Very faint colo- Greenish blue colo- 
am. molybdate No coloration | ration after about | ration after 3-4 
10 mins. mins. 
In ether * Insoluble Insoluble - soluble 


Maltose or malt-sugar, C,.H..0,,,H.0.—The diastase of germinating 
barley —hydrolyses Starch, mainly to maltose (80%). It is thus the main 
constituent of malt, whence the name. Free maltose occurs in Soya-bean. 
It is an intermediate Product in the formation of alcohol from starchy 
materials (p. 89). Ptyalin of saliva converts insoluble starch into soluble 
maltose to help digestion. Maltose is easily digested, hence its use as infant 
and invalid food. It is isomeric With cane-sugar but less Sweet. Maltose is 
a degradation product of glycogen (or animal starch) ; it is present in beer. 


‘reparation.—Starch (100 £.) is made into a paste with sufficient hot 
Water and malt extract (6 fg.) from Eerminating barley is added. The mix- 
ture is kept for an hour at about 60°, heated to boiling and filtered. Tne 


90% alcohol. On evaporating off most of the alcohol, and adding a crystal 
of maltose, fine needles of maltose separate. The commercial method is 


ACH,0)n +n H.O = nC,.H,.0,,. 


4 tarch Maltose 
'roperties.—Maltose crystallises with a mol. of Water in white needles 


(m.p. 102°). It is very soluole In Water but difficultly soluble in alcohol. It 
is dextro-rotatory, Lalo = TI30° (final value), Teducing and exhibits muta- 
EE nl UE dilute H,SO,, as also by maltase, it is hydrolysed to 
8 ucose ony. Unlike cane-sugar, maltose ields an osazone (m.p; 206) wi 
Dhenylhydrazine. j i UUs 

Like cane-sugar, maltose Undergoes fermentation after hydrolysis. Most 
Yeasts convert it into alcohol because they contain the hydrolyti 
Diastase or invertase cannot hydrolyse maltose. 

Diastase 

2(C:Hi,.0.)n ——> nC,.H..O ==> CHO 

+ Starch Maltose'' Glucose AA 

tructure.——Maltose yields Octa-acetyl and octa-methyl derivatives : i 
has eight -OH groups. It gives 2.mols. of d-glucose on hydrolysis, REN 
constitute maltose. It is reducing and forms An 0Ssazone ; the potential aldeh de 
group is, therefore, free. Maltose, on Oxidation, Eives mMaltobionic atid 
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C,H. .0,., SO it has only one aldehyde grou free. Mi 

malto-bionic acid yields, on hydrolysis, oe) 3:4: LEE EE 
2:3:5:6-tetramethyl gluconic acid. Maltose, on hydrolysis after ET 
methylation, gives 2:3 : 4: 6-tetramethyl glucose and 2:3:6 trimethyl gluc Le 
Carbon-1 of one glucose and carbon-4 of another, therefore, form {hel i Se 
linkage. These facts are satisfactorily explained by Haworth’s লি AR 


CH.0OH CH,OH 


MALTOSE 
a-d-Glucose a- or B-d-Glucose 


Maltase hydrolyses a-glucosides such as maltose but not B-slucosides, 
whereas emulsin hydrolyses B-glucosides e.g., cellobiose but not a-glucosides. 
These are helpful in determining the configuration of glucosides. Malt 
extract, extensively used in medicine, contains maltose, dextrin and amylolytic 
enzymes ; it has food value and is also a laxative. Malt syrup adds flavour 
to ice cream, chocolates etc. 

Lactose or milk-Sugar, 
hence THe name. Cow’s milk contains about 4% and mother's 
has not been found in the vegetable kingdom. 

Teparation.—Lactose is commercially made from whey, a bye-product in 
the manufacture of cheese from milk. The casein of the milk is separated by 
coagulation with rennet, and the fat by centrifuging. The mother liquor, con- 
taining lactose and mineral matters, is concentrated in vacuum Pans, crude 
lactose crystallises. It is decolorised with animal charcoal and recrystallised 


from water. 

roperties.—Lactose forms monohydrate rhombic prisms from water 
below 93°5° above which B-lactose appears as anhydrous monoclinic crystals. 
and melts at 205° with decomposition. It is 


t becomes anbydrous at 130° ; c 
SAN less soluble in water than cane-Sugar, and insoluble in absolute alcohol 
or ether. The crystals are hard and small ; hence called sand-sugar. Lactose 


is dextrorotatory, [Lalpe=t+ 553% (final value) and exhibits mutarotation. By 
i fic fermentation, it gives lactic acid (p. 189). Ordinary yeast cannot ferment 
it.  Tarula lactosa gives ethanol in high yield. Lactose of commerce is the 
! it is the least sweet sugar. ot পি 
jtution.—a-Lactose is readily hydrolysed 5y ilute acids or lactase 
oS KDHE Crain (but not by maltase) to d-glucose and d-galactose. 
CG, H.:0,, + HO = C.H,:0. + CsHia0. 
Lactose Glucose Galactose 


It reduces Fehling’s. solution, exhibits mutarotation, and forms an 
osazone (m.p. 200°). With conc. HNO, lactose gives saccharic and mucic 
acid. Bromine-water oxidises it to Iacto-bionic acid, C,2H20,:. So lactose, 

one potential aldehydic group free. Lactose is a stereo- 


il Jtose, has only ree. 
RS maltose which it closely resembles. Lactobionic acid, on hydrolysis, 
yields d-galactose and d-gluconic acid. So, the aldehyde group of the glucose 


unit is free. Lactobionic acid, on exbaustiv' c s 
2:3:4: 6-tetramethyl galactose and 2:3:5 : 6-tetramethyl gluconic acid. Car- 


bon-l of galactose and carbon-4 of glucose fo! 
a- and B-forms of lactose have been obtained. 
Lactose has been synthesised in 1942. 


C,:H,20,,, occurs in the milk of all mammals, 
milk 6-8%. It 
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KOK 


CH,OH 


(0) 


LACTOSE 


B-d-Galactose 


* Uses.—Lactose is used in medicine 


a- or B-d-Glucose 


, in making homeopathic and biochemic 


globules, and in silvering mirror. It is sometimes added to the milk diet of 
infants. Lactose is more slowly digested than maltose or sucrose. Undigested 
lactose in the large intestine exerts a laxative action, which, if in excess, may 
cause diarrhea. The octa-nitrate is an explosive. 


Relative sweetness of common sugars 


Fructose 2 Eo ENT 2 
Invert-sugar Ee Es) 130 
Sucrose CS 45: MOO 
Glucose oa 74 


Olysaccharides such as starch, glycogen, dextrin, 


Maltose ie যা 32 
Galactose Ee সি; 32 
Lactose a < 16 
Saccharin A) 55,000 


mucilages, 


cellulose, etc. are tasteless, apparently amorphous (many appear crystal- 


line under X-ray) and mostly insoluble in water. Inulin 


and glycogen 


are soluble in warm water. On hydrolysis with warm, dilute mineral 
acids, or enzymes, they finally yield simple hexoses (very often glucose) 


Or pentoses, but rarely both. 


Intermediate disaccharides may be 


formed, €.g., maltose from starch and cellobiose from cellulose. ‘Their 
molecular weights are not definitely known, but they are giant mole- 
cules, no doubt. They have the general formula (C,H,,O0,), except the 
Pentosans, (C,H,O,),, which occur in gums and woody tissues. 
Polysaccharides give acetates, ethers, etc. Their molecular structure 
is not completely known yet. It has, however, been established that 
they are mostly long, straight-chain molecules, the monosaccharides 


forming the links. 


Starch or amylum, (C,H,,O0,),, occurs in green plants, parti- 


ত 
& $5 


Potato starch Rice starch 
Fig. 45. Starch grains. 


cularly in tubers, roots and seeds 
as a reserve food (cf. fats in 
animals). Starch grains from dif- 
ferent sources have different shape 
and size (Fig. 45). Potato starch 
granules are the biggest, those of 
rice, the smallest. The main 
Sources of starch are: potato— 
15-20%, maize—65-70%, rice 
about 75% and Wheat —60-70%. 
Tapioca, sago, arroWroot, sweet 
Potatoes are also important com- 
mercial sources. 
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Manufacture of starch.—U.S.A. makes starch from maize (corn), Germany 
mainly from potato, U.K. and Japan from rice chiefly. It consists in removal 
of foreign matter from the cereal or plant. Potatoes are washed free from 
adhering dirt with water and rasped mechanically to a pulp, the cells are 
broken and starch grains exposed. The mass is thoroughly washed with water 
on a fine sifting machine which retains the coarser particles of cellulose but 
allows the smaller starch granules to pass through. The milky, aqueous suspension 
of starch and a little cellulose is allowed to stand ; the starch settles at the bottom 
and lighter particles of cellulose, etc. are scraped off from the top. The mass 
is again treated with fresh water and allowed to settle ; the supernatant liquid 
is decanted off. Starch is centrifuged to remove water and finally dried slowly 
in air or in ovens with gentle heat. The apparently dry product, however, 
contains 10-20% moisture, depending upon the relative humidity of the air. 
Starch from rice or maize is made similarly. Before washing with water, 
Tice is treated with dilute caustic soda solution which removes, to some extent, 
gum and gluten and sets free the starch grains. Rice starch is more costly 
than potato starch (farina). The bye-products, cellulose and protein (gluten), 
serve as cattle food. Gluten is also added to special breads. 


India imported 11,959 cwt. of starch, dextrin, etc. in 1955-56 valued at 
Rs. 3,27,715, mostly for the textile industries. 

Properties.—Starch is a white, tasteless, odourless and amorphous 
solid, insoluble in cold water. It consists of two components, B-amylose 
or amylopectin which forms 80-90% and «-amylose 10-20% of starch. 
On boiling with water, «a-amylose dissolves, the aqueous solution being 
dextro-rotatory. Amylopectin does not dissolve but forms a paste 
with water. Phosphoric acid (starch invariably contains a little phos- 
phorus) occurs in amylopectin but not in amylose. 

If starch is heated alone to about 200°, a gum-like product, 
dextrin, is formed. At higher temperature, various other products 
result. On heating under pressure with water, glycerine or with dilute 
acids, starch dissolves, but on cooling, a white substance (soluble starch} 
separates. This is believed to have a mol. wt. of about 383,000. On 
further hydrolysis, soluble starch forms dextrin, and finally, d-glucose: 


(C,H,.0.)n —> (C:Hi,,0.)n, —> (C.Hi,,O0)ns —> CisH:,0,, —> CHi.0, 
Starch —> Soluble starch—> Dextrin  —> Maltose —> d-Glucose 

Diastase quantitatively converts starch into maltose as does saliva 
or the pancreatic juice which contains diastase. Takadiastase (which. 
contains maltase) hydrolyses starch to glucose and is given to patients 
to help digestion. 

Starch does not reduce Fehling’s solution or react with phenyl- 
hydrazine. «-Amylose gives a blue coloration with dilute iodine solu~ 
tion (in KI), which disappears on heating but reappears on cooling. 
An unstable compound 1s possibly formed between starch and iodine, 
or it is an adsorption phenomenon. This is a very delicate test also 
for iodine (as in iodometry). Amylopectin gives a violet colour with: 
iodine. «-Amylose is believed to have a linear or. unbranched struc- 
ture of 100-700 glucose units, and amylopectin a highly branched one 
with 500-50,000 such units. While a-amylose quantitatively yields. 
maltose with B-amylase, amylopectin gives only about 66% of theory. 


19 
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Synthetic starch was made in 1940 by C. S. Hanes in vitro from Elucose-1- 
Phosphate with a phosphorylase present in potato and many plants: It closely 
resembles potato starch and has a mol. wt. 14,000-28,000. B-amylase converts 
it to maltose quantitatively. |! 


Uses.—Huge quantities of starch are converted into glucose, 
alcohol, adhesives, etc., and also employed for sizing paper and finish- 
ing cotton fabrics. Its use in toilet preparations (dusting . powder) and 
laundry is also important. Consumption of starch as food in the form 
of rice, bread, cornflour, oatmeal, potato, etc., is, however, the greatest. 
On cooking, starch is partly converted into dextrin. Starch acctate, 
a transparent gelatin-like mass, is used for making sweets ; nitro-starch 
Was used as a blasting explosive in the war of 1914-18 by U.S.A. 


Dextrin or British gum, (C.H,.O0,)n, is manufactured by heating starch, 
moistened with a little dilute HCI and HNO,, to about 120°. ‘It may also be 
Obtained by the action of amylase on starch paste, or by simply heating starch 
to about 200°. Itis a gummy, amorphous substance with a pale yellow colour, 
soluble in water. It has no reducing property. Boiling dilute acids give 
glucose. Dextrin is an adhesive (e.g., in Postage stamps), a size for ‘paper and 
also a vehicle for colour in textile printing. It Lives blue, red or no coloration 
with iodine—depending upon the degree of hydrolysis. Nঃ 


Inulin, (C.H,,.C.)n, occurs in dahlia tubers, potatoes and 
chokes (a kind of sunflower) and some lichens. On hydrolysis with dilute acids 
‘Or inulase, it gives fructose almost quantitatively.  Diastase, however, has no 
action on it. Inulin is a white Powder, soluble in hot Water, but practically 
insoluble in alcohol. It is levo-rotatory, [2]JD = —40°, non-reducing and Eives 
10 coloration with iodine. Like Starch, it is resistant to the action of, alkalis. 
Y-Fructose units mainly constitute inulin, which during hydrolysis change to the 
more stable fructo-pyranose form (cf., cane-sugar, P. 285). Inulin contains Some 
30 fructose units per molecule. Glucose is a minor constituent of inulin. 


Jerusalem arti- 


i Occurs in the liver, muscle and 
It is also present in certain fungi and yeasts. 


} | at from animals are strikingly similar. ilute 
acids hydrolyse it to d-glucose. It is a reserved food i 


may be obtained from the liver 
liver tissues but not glycogen. 


Cellulose, (CH,,0,),, is by far the most abundant organit 
compound in nature. It has been calculated that the total" weight of 
‘cellulose on earth is about 1,100 billion kilograms which is nearly half 
the weight of carbon dioxide in the atmosphere. Incidentally, carbon 
dioxide is the parent of this complex polysaccharide; Plants build u 
cellulose from CO, and water. Cellulose forms the chief constituent of 
the cell walls of plants. Except in cotton, cellulose is almost invariabl 
associated with lignin, the proportion of which Varies widely.” Purified 
cotton represents 996% cellulose. Other rich sources of ctllulose arc 


HS 


THE CARBOHYDRATES 5291 


wood, jute, flax, hemp, straw, etc. Celluloses from different sources are 
almost identical, being composed of glucose anhydride units, the 
number of which (i.e., the degree of Polymerisation) varies in different 
cases. They have high but variable molecular Weights (from 20,000 
to 20,000,00 depending upon the mode of Preparation and the method 
of estimation). Both starch and cellulose yield, on hydrolysis, glucose 
finally. In starch the linkage is a-glucosidic while in cellulose, it is B-- 
Cellulose is a linear polymer but the major constituent of starch UIz., 
amylopectin, has branched chains. That is Why cellulose solution can 
be obtained in the form of fibres (rayon) but not so starch. Acetyl- 
Amylose gives elastic films but acetylamylopectin is brittle. 


CH2 OF CHZOH CH20H Shaon CH20H 
0. 
HH HHH NC 
-0—' NOH (2) QOH 
HILO HR OH H OH H OH HUHTOH 
Starch. 
CH20H er; CH20H 
HAT HS OH HR HA 
-0' [] “HM H [e) HH 
H 0H 
EEN OD. H2 OH 
Cellulose. 


Preparation of pure cellulose.—Raw cotton is about 90% cellulose and 
8% moisture; it contains traces of fatty, nitrogenous and mineral matters, 
ig) nt, etc. Cotton is first extracted with an alcohol-benzene mixture to 
pIgme! 4, t and wax, and boiled with 1% NaOH Solution with exclusion of 
NE it from pectin matter and hemicelluloses. Tt is then treated with 
Arto : cid to reduce the ash content, and finally bleached with dilute sodinm 
ETE It is washed and dried; the dry mass contains 99°6% cellulose. 
SEG «- Or normal cellulose. 
fl igno-celluloses like wood, jute, etes the normal cellulose may be 
Exon ee the lignin from fat-free materials by treatment with 

obtained 5 rine peroxide or sodium chlorite. Industrially, calcium sulphite, 
chlorine, ch a under pressure is generally employed for the removal of lignin. 
or caustic 50 cellulose, obtained as a pulp, is utilised for making paper, etc. 
aE ees paper is practically pure cellulose. 

uan 


ies.—Natural cellulosic fibres from different Sources present 
EOD et under the microscope. Cellulose decomposes on 
different ba no melting point. Tt is insoluble in, and heavier 
heating, an } ন water. Cellulose is also insoluble in common solvents, 
(sp: r. 158) LR cupric hydroxide in ammonia, called Schweitzer's 
but dissolves this solution, it is precipitated by alcohols, acids or salts, 
reagent. , complex structure and is little affected by ordinary 
Cellulose | ding alkalis and cold, dilute acids. It however dissolves 
chemicals 50 3 Eo the solution is diluted and boiled, it is quantita- 
in fe ao glucose. The glucose may be fermented to alcohol. 
tively 5 
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Power alcohol is made from wood-waste, €.g., Saw-dust, etc. Cellulose 
also dissolves in 42% HCl. With 15-20% caustic soda solution, under 
tension, the flat, ribbon-like fibres of cotton swell up and become almost 
cylindrical and assume a silky lustre. The Process is called mercerisa- 
tio after John Mercer who in 1844 observed this action of NaOH on 
cotton. Mercerised cotton is more durable and attractive, 
easily dyed than ordinary cotton. 


With conc. H,SO, and HNO, (1:8) at low temperature, cellulose 
gives mainly the ester, cellulose trinitrate (wrongly called nitro-cellulose) 
together with some dinitrate. Gun-cotton isa nitrocellulose containing 
more than 128% nitrogen, insoluble in nitroglycerine and soluble by 
not more than 15% in alcohol-ether (1:2). Gun-cotton ordinarily burns 
quietly, but when detonated in compressed form, it explodes violently. 
Cellulose is ordinarily resistant to enzymes, but the bacteria present in 
horse-dung decompose it, to some extent, to methane, CO,, etc. We 
cannot assimilate it but certain herbivorous animals can. 
that we can digest starch (an a-glucoside) but not cel 


B:glucoside) indicates the importance of stereochemistry 
biological processes. 


A paste of 37% gun-cotton, 58% nitroglycerine and 5% vaseline in 
acetone is called cordite, the smokeless powder. Blasting gelatin is made 
by absorbing 92 parts of nitroglycerine in 8 Parts of nitrocellulose (containing 
about 12'3% nitrogen). Alfred Nobel discovered it in 1875 In 1955-56 India 
imported 12,207,085 Ib. of it valued at Rs. 69,05,432. The lower nitrates of 
cellulose are also important. Collodion is a 3-5% 


£ % solution of mainly the 
dinitrate in ether-alcohol mixture (3:1). When the Solvent evaporates off, 
a strong, transparent film is left behind. It is extensively used in Photography, 


in stopping bleeding, and as a leak-proof material. Rezine, an artificial 
leather, is made by coating a fabric with cellulose nitrate Solution and a suitable 
Pigment. The lower nitrates of cellulose are collectively called Ppyrozylin. 

. Celluloid or xylonite is made from lower nitrates of cellulose, chiefly 
dinitrate, by heating it to about 75° under high pressure with camphor or its 
substitute as a Plasticiser (about 20%) in alcoholic solution. It is a tough, 
transparent product, capable of being easily moulded while hot. It is not 
an explosive, though highly inflammable. It has an odour and is discolored 
in light. It finds application Th the Preparation of numerous articles of daily 


and more 


The fact 
lulose (a 
in some 


use. 

Cellulose has three free -OH grou 
form mono-, di- and tri-esters. Like nitric acid, other acids such as acetic, sul- 
phuric, etc., also. Produce corresponding esters of cellulose. When unsized 
paper (cellulose) is dipped into 80% H.SO, for 15-20 seconds, it becomes more 
tough and less porous, probably being coated with cellulose disulphate. This 
is parchment paper. Cellulose acetates which cost more than the nitrates, are 
used for making artificial silk, dopes for : ings, paints and lacquers 
and specially, for non-inflammable moving Picture film. In 1955-56 India 
imported 30°09 crores ft. raw cinema film Valued at 2,22,16,631, she produces 
no raw film as yet though her film industry IS now fairly big. Carbozymethyl- 
cellulose, made from soda cellulose and sodium chloroacetate, is a thickening 
agent, builder for synthetic detergents and size for textiles. The sodium salt is 
soluble in water. The commercial product has one -CH,.COOH 
glucose units. 


Paper.—The Chinese first made paper from the fibres of native trees. The 
Inain raw materials are wood, straw, bamboo, esparto grass, etc. The pul- 
verised material, say bamboo, is digested with NaOH solution Or calcium 


Eroup per two 
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bisulphite at 160°-170° fo 
een and Some of the Hen Ee GST Te EAE oe ES 
Ulp. ) ড 
0d AB VBOER CEE washed and bleached with bles EE GSE 
DETER e milky white, puffy mass of cellulose is bee end 
SEs EE ন ER of wire-gauze with sufficient water. The sles 2 
Se a forced between steam-heated felt rollers, water is ]] a 
Sheet 0! . blotting-paper-like material is obtained. This iS Si; dt লা 
on চা etc. to make it impervious to writing ink. We hs Eo EE 
EE PT Et cheap because 50% mechanical pulp CONE ETAT 
a 3 fb j [ chemical pulp as prepared above. Blotting pa ই 
iscovered as a result of accidental omission of the size (rosin, alum Rie)! ন 
some paper. By just touching the surface of the still moist paper EE 
tinctive characters in the form of raised wires, water-mark is BOIL Ts 
impression remains as a permanent thin place in the finished Teer an ME 
more light to pass through it. China clay is added to produce a cl TEHEEL 
(art paper) for high grade printing. se 


India produced 2,53,008 tons of paper a i ICREEE 
cient to meet her demand. News Dir is Ee SH VEE ক 
20 tons of bleached pulp daily from bagasse. Annual paper EG 
capita in U.S.A. is about 350 lb., in Great Britain nearly 166 lb. BUC LRT GE 
less than a pound due to appalling illiteracy. i Et 

Artificial silk or rayon.—Natural silk is a protein fibre secreted by insects 
but artificial silk is made from cellulose. Count de Chardonnet first made 
artificial silk in 1884 from collodion. The production of rayon from cotton 
linters is simply a change in the mechanical structure of the carbohydrate fibre 
This is done by forcing under pressure a solution of cellulose or its acetate 


very fine orifices into a bath which removes the solvent and precipi- 


through 2 
It is now done in two ways: 


tates the cellulose in fine threads with a lustre. 

(i) Viscose rayon.—Purified wood pulp is treated with 18% NaOH at 
ordinary temperature. The resulting ‘alkali cellulose’ is combined with carbon 
disulphide to give cellulose xanthate, a yellow solid. This is dissolved in 3% 
NaOH, a highly viscous solution, called viscose, is obtained. Viscose after 
aging for 4-5 days is forced through fine jets into a bath of dilute H,SO, or 
NaHSO,, silky fibres of regenerated cellulose (or rayon) come out. From 112 
tons of wood pulp 1 ton of rayon is obtained. Nearly 80% of the rayon is 


made from viscose. 
ROH + CS, + NaOH —> S=C(OR)-S7 Nat + HO 


Cellulose Sodium cellulose xanthate 


S=C(OR)-S7 Na+ + NaHSO, —> ROH + CS, + NasSO, 
ayon 
(ii) Acetate rayon.—Cellulose triacetate is made by heating purified 
cotton linters with acetic anhydride and acetic acid with H.SO, or ZnCl, as 
catalyst. The acetone solution of this ester is squeezed through fine ORES 
into a hot chamber when the solvent escapes, leaving behind lustrous fibres 
of rayon. The solvent is recovered (partly) and used again. Acetate silk is 
more costly but more durable and attractive. The finished product weighs about 
11 times the cellulose taken, and is not inflammable. 


Rayon is about one-fourth as costly as natural silk, the c i 
being only about 30 times the price of wood pulp from EEL 
This explains the vast expansion of this industry in pre-war years, in Which 
Japan excelled others. Natural silk may be easily distinguished FLOR Tr: টি 
by burning. The former gives an offensive odour of burnt hair, but Efe 
latter. Rayon has a beautiful lustre and can take numerous shades ne 
stuffs ; but ordinary rayon is less strong than real silk. The world toa ৰ্‌ ti , 
rayon in 1957 was 5425 million pounds, but in 1891 it was only 30 000 1b, Ij 
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£ In 
y St at Rs. 8-8 per Ib. but in 1939 at only 9 annas (in Japan). 
13% Te iced 27,036 tons of viscose and 1812 tons of acetate rayon. 


i i i Jution 

ellophane or transparent paper is made by extruding Viscose so. 1 

HE an slot into an acid bath. The film thus obtained is a dust-proof 

wrapping material and an electric insulator. It is made water-proof by coating 

with a transparent nitrocellulose lacquer, and pliable by passing through 
@lycerine solution. 


Uses.—Ccllulose is employed for making paper, artificial silk, gun- 
cotton, celluloid, lacquer varnish, cinema films, cordite, collodion, oxalic 
acid, textiles, power alcohol, etc. Cellulose acctate sheets are ‘unbrcak- 

id . 
able glass’ of commerce. Plastics are made from the acetate. 
cellulose is used for surgical Bauge and bandage: 


readily absorbs the alkaline fiuid of the body. 


Oxidised 
being acidic, it 


Dextrans are highly branched glucosans made from sucrose solution and 
Potassium phosphate by fermentation with Leuconostoc mesenteroides for about 
24 hours. The bacteria or their enzymes utilise only the glucose component 
Of sucrose. They have 1,6-glycosidic bonds between d-glucose units and a 


mol. wt. of over 10 lacs. A partially depolymerised product (mol. wt. 
50,000-100.,000), obtained by boiling a 5% solution of dextran with HCI for 
about 4 hours and precipitating with 45%, alcohol, is used in medicine. Clinical 
dextran restores circulating blood volume, maintains blood pressure, and 


Promotes survival in human shock. It has proved extremely useful as a blood 
Plasma extender in the treatment of shock due to haemorrage. 


QUESTIONS 


1. How is Ccane-sugar produced on a large scale ? 
and chemical Properties? Outline a method for estimating the amount of cane- 
Sugar in an aqueous solution. B.Sc. Pass 1938, Dacca Uni. 

2. Name three common foodstuffs which Contain starch and explain how 


You would show starch to be present in them. Howis £lucose obtained from 
starch? In what Ways does glucose differ from Ccane-sugar ? 


B.Sc. Pass 1938, Dacca Uni. 


What are its physical 


B.Sc. Pass 1935, Dacca Uni. 
4. Describe the classification of Carbohydrates. 


evidence to show that glucose contains an aldehyde 
group? How is glucose converted into fructose ? 


B.Sc. Pass 1939, Dacca Uni. 

5. Describe the occurrence of glucose and fructose in nature and their 
more important reactions. How are they distinguished from one another ? 
How is fructose obtained from glucose and vice versa? 


B.Sc. Pass 1936, Allahabad Uni. 
6. Tndicate briefly the experimental basis on which the modern structure 
of glucose is assigned. B.Sc. 1951, Calcutta Uni., B.Sc. 1937, Bombay Uni 


7. How is glucose obtained on a large scale? How will you obtain its 
0sazone ? Is this osazone the same as that of fructose ? 


B.A. Pass 1937, Bombay Uni. 


What is the experimental 
Eroup and fructose a ketone 
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8. How could you obtain glucose and fructose from cane-sugar? What 
is meant by the ‘inversion of cane-sugar'? How is maltose obtained from 
starch ? 

9. What is artificial silk? How is it manufactured? Discuss the possi- 
bilities of rayon manufacture in India. 

10. . How are the following made; dextrin, celluloid, cordite, collodion ? 

11.. Outline the present day views on the structures of glucose and fructose. 

A. I. C. 1941; B.Sc. 1951, Gaubhati Uni. 

12. Describe briefly some industrial processes in which cellulose is the 


starting material. 
13. Give an outline of the process of manufacture of sugar from sugar- 
cane. ; B.Sc. 1936, Punjab Uni. 


14. What are the principal disaccharides that you have studied? Mention 


the products formed when each of them is hydrolysed. Explain clearly why 


some of them possess reducing properties while other do not. 
B.Sc. Degree Exam. 1942, Annamalai Uni. 


15. Write an essay on the manufacture of paper. 

B.Sc. 1941, Agra Uni. 1952, Rajasthan Uni. 
stinguish an aldohexose from 
nto fructose and vice versa? 
B.Sc. Pass. 1942, Patna’ Uni. 


ence for the pyranose structure of glucose. 
Exam. 1942, Andbra Uni.. 1943, Benares Hindu Uni. 


16. By what chemical tests would you dis 
a ketohexose? How may glucose be converted i 


17. Outline the evid 
B.Sc. Degree 


CHAPTER XXVIII 
THE UREIDES 


hydrogen atom of urea is replaced by an acyl Broup, we 
get EEE re chloride and urea give ureide of acetic acid or 
acetyl urea: 

NH..CO.NH, HH CH.COCI = CH,CO.NH.CONH, HCI 
Urea Acetyl chloride Acetyl urea 
Similarly, other acid chlorides Ieact with urea, and cyclic compounds 

may thus be formed, e.g., oxalyl chloride Yields parabanic acid, and 
malonyl chloride barbituric acid (P. 248). 


-| Cl HIHN CO-NH 
2 ড় co = | co + 2Hc. 
CO-CI —  HIHN SANE fo EG 
Oxalyl chloride Urea Parabanic acid (oxa yl urea) 
CO-|CI HIHN CO-NH. 
cH ন DED = Gr co + 2HcI 
| CO Gen RL CO-NH/ 
CO-ICI HIHN es 
Malonyl chloride — U UE Barbituric acid (malony1 urea) 


These are heterocyclic as they contain nitrogen besid. 
the ring. They are acidic, the H atoms of -NH- Groups being replace- 
able by metals. The -NH- Stroup (or -CH,-) placed between two keto 
Sroups (as in barbituric acid), makes them highly reactive (Gy 
Succinimide, p. 245 and malonic ester, P. 242). The uréides are impor- 
tant for their use in medicine, e.g., veronal (Pp. 267). 


€S Carbon in 


i synthesised it, It exists 
In two tautomeric forms: 
6 
CH CH 
5 
IN fae NANAES 
el | | ! 
HA AYA: HC SN CH 
N N N NH 


SANS Purine 


1S uric acid. 

Uric acid, CH.O,N,, ‘ls 2:6:8-trihydroxypurine or 2:6 
Purine; it occurs in the urine of the carnivora ; hu 
nearly 005% of its acid Ammonium salt, an adult 


:8-trioxy- 
Man urine contains 
Passing about 1 g. 
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per day. Scheele discovered the acid i i - 5 
Its accumulation in the joints gives EE SO) 0 
‘are formed in different parts of the system by its a SA NE 
only traces of it occur in the blood, but in Loy te NE 
is considerably high. The excreta of birds and reptiles are Lj SE 
acid. White spots on the wings of the butterfly are due to ts, id TE 
‘excrement of serpents contains 75% of almost pure an Os LY 
C;H,N,O,(NH,). Uric acid does not occur in plants. Monkeys XE 
only traces of it. In the lower animals, uric acid is further OXidiced 5 
allantoin. Growth factors such as biotin and riboflavin, are oie 


ureides. 

Preparation.—Excrement of snakes or birds (guano) is powdered 
boiled with caustic soda solution until the evolution of Sinica ceases. ERE 
hot solution containing the sodium salt, is filtered and hydrochloric acid added 
to the filtrate. On cooling, crystals of uric acid separate. It is purified by 
dissolving in alkali and recrystallising from hydrochloric acid. It may be 
prepared by concentrating human urine and adding conc. HCl. Crystals of 
uric acid and urates have peculiar and characteristic shapes (Fig. 46). These 
are readily recognised under the microscope and helpful in urine analysis. 

Properties. —Uric acid is a white, odourless crystalline powder, very 
sparingly soluble in water and insoluble in alcohol and ether. It dis- 
sodium acetate or carbonate solution. 


solves in glycerol, strong H,S0,, 
It decomposes, on heating above 250°, forming ammonia, urea, 


‘cyanuric acid, etc. It behaves as a weak dibasic acid ; acetic acid 


liberates it from its salts. The acid salts Eo 
e in water, but the 09 WR 


are sparingly solubl 

El A are moderately soluble. BG ) 
With Na,CO,, an acid salt and with SSS AS 
NaOH, the neutral salt are obtained from o> 

uric acid. Lithium urate is fairly soluble < ARE ROA 
in water. That is why lithium-water and AES 
alkaline mixtures were formerly pres- প্র ATES 09N0 
cribed for gouty patients. But uric acid SLE SY 
or its monosodium salt does not combine bP ENTE 
with a soluble lithium salt to yield a & 
soluble lithium urate. Urotropine in Fig. 46. Crystals of uric acid. 


aqueous solution readily dissolves uric 
acid in the test-tube but not uric acid calculi in urine, owing probably 
10 the low concentration that can be attained in urine. 

(ii) On 


. Constitution.—(i) From analytical data, uric acid is CsH,N,0.. 
oxidation with nitric acid, it yields alloxan and urea. 
0 + 0 = C.H.N.0, + CO(NH;):. 


C.H.N.0,; + H.: 
Uric acid Alloxan Urea 
Alloxan is the ureide of the acid chloride of mesoxalic acid and urea : 
coICI HAN, CO—NH 
0c Sj C0 = 0c DCO + 2HCL. 
CcOICI HIHN CO—NH 
লানিৰ Alloxan 


Mesoxalyl chloride Urea 
(iii) On exhaustive methylation, the acid gives tetramethyl uric acid, 
C,(CH;),N,0;, the hydrogen atoms being replaced by methyl groups. On 
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i: etramethyl uric acid with HCI, nitrogen is eliminated as methyl- 
LR NTE SUE Showing ‘that the -CH, groups are directly linked to 
Hitrogen. Hence, in uric acid, all the hydrogen must be attached to nitrogen. 
i.e., it has four -NH- groups. | i 

(iv) Of the four isomeric monomethyl uric acids, two, On oxidation, yield 
methylalloxan and urea and the other two, methylurea and alloxan. . S0 
the two urea residues are asymmetrically linked. These facts are explained 
by the following structure suggested by Medicus ( 


1875) : 
NH—CO NH—CO 
| 


N==COH 
I | | | 
H.N CO C—NH HOC C—NH 
(Pl Ee DEO AEA CEOS oN DCOH 
NH—CO HN NH—C—NH N——C——N! 
Alloxan Urea 


Uric acid 

ilibrium mixture, the ketonic form Jargel redominates. The 

eae CEES in -CO.NH.CO- as in Succininnide, DP. 245) is salt- 

forming. This structure is Supported by its synthesis, and its possible con- 
version into purine. 

Synthesis of uric acid.—Barbituric acid is 
isonitroso derivative. (violuric acid} with HNO, 
Yields aminobarbituric acid or uramil. Heated vy 
Potassium pseudo-urate is formed, w 


converted into its 
5 this, on reduction. 
vith potassium cyanate, 


hich loses water, on boiling with 
20% HCl, and Passes over to uric acid: 
NH—COo NH—Cco NH—CO NH—CcO 
|! || HNO, | || 4H | IAC ARENOH || 
CO is ) C=NOH —> CO EE ——> CO CRNHCONHK 
| 
NH—Co NH—Co NH—Cco NH—COo 
Barbituric acid Violuric acid Uramil Pot. pseudo-urate 
NH—co . NH—co CO NH 
EE HO | NK Me Neo 
acid 2 CENHCONH, > Ne TEEN | I | 
SE CO 
NH—Co NHC NHL CONC NE 
Pseudo-uric acid 


Uric acid NH 


Mix uric acid With a little conc. HNO, and 
evaporate the mixture to dryness on water-bath. Add a little dilute ammonia, 


e formation of ammonium 
Add a drop of NaOH, the colour ch 
Caffeine also responds to 


anges to blue. 
(2) It reduces Fehling’s solution, decolorises acid Or alkaline permanganate 
in the cold, and also chars On heating. Uric acid in Strong H.SO, solution can 
be estimated by titration with permanganate. 
Uses.—4% ammonium ur 


ate ointment is used for EeCZema ; 
is given internally for cough. 


the salt 
Murexide is an indicator for dete 
calcium ions. 


rmining 

Xanthine, 2:6-dihydroxypurine, CH,O,N,, occurs in tea leaves, 
meat extract, malt, blood, liver and urine. Sprouting seedlings and 
Beet-root also contain appreciable amounts. It may be obtained by 
reducing uric acid with sodium amalgam. X 


anthinc is an amorphous 
Powder, very slightly soluble in water but readily soluble in alkalis. On 
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oxidation with KCIO, in HCl, it yields all i 
Xanthine form ll j ith ad CO OE NC OE cl 
HET rms salts both with acids and bases. It decomposes above 
Theobromine, 83:7-dimethylx i 

3 ylxanthine, C;H,N,O, 7 
beans (Theobroma cacao ; theos god, broina food) 9 ed i 2 
of 12%, whence the name. It is a white, crystalline powder An 
851°) with a faintly bitter taste, and slightly soluble in cold eR 
It sublimes unchanged at 290° and resembles caffeine. kA 


N===COH NH—CO NH—CO CH, 
|! NED 
COH C—NH CO C— NH GONG 
৬ ত 0 C: NN 
[[ |] GH —> 1 CH ] ১ 
MME MEN LE NHC ENE TNC 
Xanthine Theobromine 


‘Theobromine is used in medicine as a diuretic, cardiac stimulant 
and in certain forms of dropsy. On methylation with dimethyl sul- 
phate in NaOH solution, it gives 1:3:7-trimethylxanthine or caffeine. 
Caffeine is commercially made likewise. On oxidation, theobromine 
splits up into monomethyl alloxan and monomethy]l urea. 


Caffeine, 1:3:7-trimethylxanthine, CHLN,O,, occurs in coffee 
Deans (1-1-5%) (Latin caffea coffee), in tea leaves (2-4%), in kola nuts 
(1-2%), in cacao beans (0°1-0°8%) and in some other plants. 


Preparation.—Caffeine is commercially extracted from damaged tea by 
boiling with four times its weight of water for about 20 minutes and filtered 
hot. The hot filtrate is treated with excess basic Jead acetate which precipitates 
the albuminoids and tannins. The decanted liquor is treated with H.:SO, to 
remove the excess of lead. The acid solution is decolorised with animal char- 
coal and caffeine extracted with chloroform, after concentration. Chloroform 
is distilled off, and caffeine purified by crystallisation from water. 

Synthesis.—Uric acid is exhaustively methylated to tetramethyluric acid 
which with POCI, at about 160°, forms chlorocaffeine. The latter, on reduction 


with HI, yields caffeine. 


NH—CO CT 
|| || 
CO C—NH CHI CO C—N-CH; 
Tor NE DECOM os CO 
NH—C—NH NaOH CH.N C—N-CH, 
Uric acid Tetramethyluric acid 
CH,-N—CO ন Cd 
OCI, [dl H 
EES CO C—NCH: —> CO C—N-CH, 
at160° | | 200 AE 
CH,N—C—N CH, N—C—N 
Caffeine 


Chloro-caffeine 


A recent commercial process starts from urea and cyanac 
C:H,0:C HN—CO HN—CO 
el Al HNO, 


Co 4 HG => 0C CH, ——> 0C Ee 
| 


| | 
Nn, CN NH—C=NH HN—C=NH 
ঠি 4-Aminouracil 


cetic ester : 


300 ORGANIC CHEMISTRY 


N—CO :N—CO 
HCO oom [i C1 5 CH, 
OC C—_NH, _—_> 0C C—NHCHO > 0 C—N 
| NaOH IA CH 
HN—C—NH, HN—C—NH, CH,N-—C—N 
4: 5S-Diaminouracil Caffeine 


Properties.—Long, silky, colourless needles of caffeine melt at 
284°. SARE EL i 1 mol. of H,O) are Obtamed from 
water and anhydrous crystals from organic solvents. Caffeine is fairly 
soluble in chloroform, boiling water and alcohol but slightly in cold 
Water and ether. It sublimes unchanged and has a bitter taste. 
Caffeine is a weak monoacidic base, and forms salts only with strong 
acids such as citric, hydrochloric, etc. These salts stimulate the 
heart and the higher faculties. It'is an important diuretic. We take 
caffeine when we drink tea or coffee; a cup of tea or coffee contains 
0'1-0°2 g. of it. The effective dose of caffeine is 015 to 0°25 g.; about 
80% of it is split Up into urea in the body. With aspirin, caffeine Citrate 
relieves pain. Caffeine fives the murexide test like uric acid (p. 298). 
India makes caffeine (about 20,000 1b. Yearly) from tea waste. 


Adenine, 6-aminopurine, C;H.N,, occurs widely in the free state—in tea, 
Sugar beet, yeast, urine, muscle, liver, etc. Itis a constituent of nucleic acids 
Which yield adenine on hydrolysis. It may be obtained from beet 
Or tea extract as well. Adenine is a crystalline solid (m.p. about 360° with 
decomposition), Slightly soluble in water but readily soluble in mineral acids 
and alkalis, forming salts. It sublimes at 220°. HNO, converts the “NH, 
an -OH group and hypoxanthine is formed. Uric acid and PCI, react at 160° 
to give 2,6,8-trichloropurine Which with ammonia forms 6-amino-2,8-dichloro- 
Purine. Hydriodic acid reduces the latter to adenine. 


Guanine, 2-amino-6-hydroxypurine, C;H;N,O, is also a constituent of 
nucleic acids (and nucleo-proteins). It occurs in guano (Peruvian huanu, dung), 
liver, animal tissues, and in many plants. Scales and skins of fish, reptiles, ete’ 
contain large amounts of guanine. It may be Obtained from guano by extrac- 
tion with milk of lime, dissolving the residue in hot Na,CO, and precipitating 
with acetic acid the guanine. It is an amorphous powder, almost insoluble in 
Water and alcohol but dissolves in acids and alkalis, forming crystalline salts. 
Nitrous acid converts guanine into xanthine. In the animal system, guanine 
changes to xanthine which is then oxidised to uric acid. 


Hypoxanthine, 6-hydroxypurine or sarkine, C,H,N,O, occurs in both plants, 
€.g., tea and animals, €.8., in blood, liver, Marrow, urine, etc. and also in 
nucleic acids. It is obtained by the action of HNO, on adenine. Which establishes 
the structure. It is Slightly soluble in water but diccolves in aci 
forming salts, It decomposes without melting at 150°. 


QUESTIONS 


1. What are ureides and purines? How are they related? 
acid obtained? State some of its main properties and reactions. 

2. Discuss the constitution of uric acid and describe one of its Syntheses. 
Show its relationship to caffeine and theobromine. B.Sc. (Principal Chemistry) 
1941, Bombay Uni. by * hs 

3. How does caffeine occur in nature? How is it manufactured ? State 
some of its important properties and uses. 4 

- How would. you pass from xanthine to theobromine, and from 
theobromine to caffeine? y B 

5. Explain the relationship between Xanthine, theobromine, caffeine and 
uric acid. B.Sc. London, 1931. ্‌ fe ) 

6. Describe the synthesis of uric acid from malonic acid. B.Sc. 1936. 
Punjab Uni. 


How is uric 
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CHAPTER XXIX 
THE PROTEINS 


The proteins are complex, nitrogenous substances of high mol 
wts. They occur universally in varying amounts in the tissues f 
animals and cells of plants—no living cell is without protein (Greek 
proleios, primary). They are the main “constituent of protoplasm 
Animals contain much more protein than plants in which cellulose 
redominates. The dry material in animals, except mineral matter, 
ats and carbohydrates, consists mostly of proteins. Thus proteins 
represent about 15% of the average human body of which nearly 65% 
is water. They are essential food for animals who can live without 
fats and carbohydrates for a pretty long period but not without 
proteins. Plants build up their proteins from inorganic sources, but 
animals cannot. They depend upon plants for their protein supply; 
they build up animal proteins from the amino-acids of vegetable 
proteins as required. Unlike plants, animals rarely store proteins 
except in the form of living matter. Vegetable proteins undergo 
changes during assimilation by animals. We cannot assimilate all 
proteins. Proteolytic enzymes in the digestive tract hydrolyse the 
proteins of our food to amino-acids which are converted into new 
body proteins during growth, and also to hormones, bile salts, etc. 
Some are deaminated in the liver and kidneys; the NH, thus set free 
contributes to urea formation (about 80% of the protein-N passes out 
as urea) while the rest of the amino-acid molecule may form glucose 
or fatty acids, or is finally oxidised to CO, and water. ‘To the 8,000 
calories of heat required by an adult per day, only a little is contri- 
buted by proteins—their main functions are to provide for the growth 
of new tissues and repair of working parts. While 1g. of fat, on com- 
bustion, gives 9-50 kcal. and 1 g. of carbohydrate 8°96 kcal, 1 fg. of 
protein yields 4:40 kcal. In plants, proteins may occur as solid, or 
iH solution in the cell sap. Reserve Protons of plants are commonly 
found in the solid form in seeds and vegetative organs of propagation. 


The protein content of some of our common foodstuffs is given below: 


Source Approx. protein % Source Approx. protein % 
f ilk 3 Cooked fowl EASY! 
ire 8 Cooked beef 6 
Cheese 3S Raw potato ee F) 
Egg white 1215, White bread lem 0 5 
Pea ডা ক ee টা 3 IR 
" Cy = + EA 
NEL K 10 Groundnut 5) 


—Though proteins differ rather widely in their 
hysical and chemical properties, their elementary composition is more 
or less the same. They contain carbon, hydrogen, oxygen, nitrogen 
and sulphur; some have phosphorus, iron, copper or iodine as well. 
Proteins contain some mineral matters, left as ash on ignition. It is 
not definitely known if these are constituent parts of protein mole- 


Composition. 
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cules ; ash-free egg albumin is somewhat different from the ordinary. 
Their percentage composition is aiso fairly constant, considering the 
difficulties of obtaining them in the Pure state. They usuaily contain 
C— 50-55%, H—65.1-5%, 0—19-24%, N—15-199%, S— 038-245, 

The main building stones of Protein molecules are a-amino-acids 
(p- 188) as glucose is of starch and cellulose. Proteins consist of chains 
of amino-acids united by pepude (amide) linkages, -CO.NH.-. They 
finally give amino-acids on hydrolysis. The type and numb 
amino-acids are different in different Cases. For example, salmine from 
Rhine salmon consists of nearly 87% of d-arginine; hemoglobin of 
blood contains 11% of histidine ; silk fibroin is chiefly glycine, alanine 
and tyrosine. Some cereal Proteins contain 40% “of glutamic 
acid. Insulin, a crystalline protein, consists of 8 amino-acids—it h 


A. Simple proteins are subdivided according to solubility. (i) Protamines, 
the simplest proteins, consist almost wholly of diamino-acids such as arginine, 
histidine, lysine, etc. Their mol. wts. are relatively low. They are soluble in 
Water ; their aqueous solution (which is Strongly alkaline) does not coagulate 
On heating. Alcohol precipitates tnem from Aqueous solution. They occur 


abundantly in fish, €.8., salmine (in the salmon), clupein (in the herring), etc. 
but not in plants. 


(ii) Histones are readily soluble in Water; they are precipitated from 
Aqueous solution (which is Strongly alkaline) by salts or ammonia. They are 
decomposed by protein ferments and Are not coagulated by heat. Solutions of 
other proteins precipitate them. Globin of hemoglobin and histones of the 
thymus gland are examples. Hj 

(iii) Globulins are insoluble in water but soluble in dilute solutions of 
neutral salts, dilute acids and alkalis. They are more easily salted out than 
albumins (e.g., on half Saturation with Ammonium sulphate or Saturation with 
sodium chloride). They are slightly acidic ; they are coagulated by heat like 
albumins. Globulins occur both in plants and animals—they are the common 
protein reserves of the higher plants. Globulins from Plants have different 
Solubility in salt Solutions—they are coagulated by heat with reat difficulty. 
and furthermore, they crystallise readily. Ovoglobulin of egg yolk, myosin of 
muscle, edestin of hemp seed are examples. 


(iv) Albumins are neutral and soluble in water and dilute salt solutions. 
They are readily coagulated by heat. Once coagulated, they no more dissolve 
in water but are still soluble in acids and alkalis. If carefully isolated, they 
may be obtained in crystalline form. Saturated ammonium sulphate solution 
Salts them out from their aqueous solution. Seeds Contain only traces of 
albumin. Examples are ovalbumin from egg white, lactalbumin from milk, 
leucosin from wheat, ricin from castor oil seeds, etc. 


(Vv) Glutelins resemble globulins in many respects. They are insoluble in 
neutral solvents (such as water, salt solutions, etc.) but readily soluble in dilute 
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acids and alkalis. They are of vegetable origi i 
from wheat and maize, and oryzenin from ee EE URL 7 ENG 
(vi) Gliadins or prolamines are characterised b i ili 
4 ia r y their solu i -! 
alcohol unlike others. They are insoluble in absolute alcohol. EE Re 
neutral solvents. They are, however, soluble in acids and alkalis They cE 
ES SES SREP are gliadin from wheat, zein from ‘corn Horde 
0) arley, etc. utelins and gliadins are th i i 0 

Ho £1 e chief constituents of gluten 


(vii) Scleroproteins, formerly called albuminoids, occ i jl 5 
they form their skeletal structure like cellulose in plants. TOPE ঠি 
water, salt solution as well as dilute acids and alkalis. They are resistant tS 
chemical or enzymic attack. To this group belong keratin of hair, horn, feather. 
nails, etc., collagen from hide, gelatin, silk fibroin, etc. t 

(viii) Phosphoproteins really belong to the conjugated proteins (as in 
American classification) but English classification includes these among simple 
proteins. As the name indicates, they contain phosphoric acid. They are 
insoluble in water but dissolve in alkalis and are precipitated by acids from 
their alkaline solution. Casein from milk, viteline from egg yolk are instances. 

B. Conjugated proteins.—(i) Chromoproteins are coloured as the name 
suggests e.g., hemoglobin of blood which breaks up into globin (a protein) and 
a pyrrole derivative (hematin). They also occur in some pigmented animal 
fibres, e.g., black wool and hair. Visual purple of the eye is a chromoprotein. 
They usually contain metals such as iron, copper, magnesium, cobalt, etc. 

(ii) Nucleoproteins constitute nuclei of cells and are compounds of nucleic 
acids and proteins such as histones and protamines. Viruses, responsible for 
infectious diseases, belong to this group, €.£., iobacco mosaic virus, a crystalline 
protein ; they can multiply themselves in the living cell. They are weakly 
acidic and soluble in water, salt solutions and alkalis. 

(iii) Glycoproteins contain a carbohydrate  (e.g., glucosamine) and are 
acidic; they are soluble in alkalis. Mucin (of saliva) is an exemple. The jelly 
fish is very rich in glycoprotein. 

C. Derived proteins result when natura. 
action of enzymes and other hydrolytic agents. 
synthesised. Derived proteins include : 

(i) Proteans.—Insoluble in water, formed by acids, water, enzymes, etc. 


ins. Produced by alkalies and prolonged action of acids; 


d alkalis but insoluble in water. 
_ Insoluble proteins formed by the action of heat, 


1] proteins are subjected to the 
Some of these have been 


(i) Meta-protei 
soluble in acids an 
(iii) Coagulated proteins. 
alcohol, etc. Yt J 
(iv) Proteoses.—Soluble in water, precipitated by (NH,):SO, on saturation ; 
not coagulated by heat. y C 
0) Peptones.—Soluble in water but not precipitated by (NHi).SO, ; not 
coagulated by heat; give biuret test. of SAAN 
ji ides.—Soluble in water, neither precipitate y y nor 
DE re 2 Iv no biuret test usually. Many have been synthesised ; 


‘coagulated by heat; £ t 
ey are condensation products of amino-acids. 
Amino-acids occurring in proteins 


L Aliphatic amino-acids : Y : 
(A) Mono-amino mono-carboxylic acids 
1. Glycine, CH.(NH.)COOH 
2. Alanine, CH,CH(NH.)COOH 
3. Valine, (CH.).CHCH(NH.)COOH 


4. Leucine, (CH.).CHC H.CH(NH.)COOH 
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5. Isoleucine, C:H,.CH(CH,)CH(NH.)COOH 
6. Serine, CH.OH.CH(NH.)COOH 
7. Threonine, CH,.CH(OH)CH(NH.)COOH 
(B) Sulphur-containing amino-acids 
8. Cysteine, HSCH,.CH(NH.)COOH 
£5 9. Cystine, HOOCCH(NH.)CH.S.SCH.CH(NH.)COOH 
10. Methionine, CH..S.CH..CH.CH(NH.)COOH 


(C) Mono-amino dicarboxylic acids (and their amides) 
11. Aspartic acid, HOOCCH.CH(NH.)COOH 
12. Asparagine, CONH..CH.CH(NH.)COOH 
13. Glutamic acid, HOOC.(CH.).CH(NH.)COOH 
14. Glutamine, CONH..(CH.).CH(NH.)COOH 


(D) Basic amino-acids 

15. Lysine, NH..CH.(CH;),.CH(NH.)cCOOH 

16. Hydroxylysine, H.N.CH..CHOH.(CH.)..CH(NH.)coOH 

17. Arginine, H.N.C(= NH)NH.(CH.),.CH(NH.)coOH 

18. Histidine (heterocyclic), CN.H..CH..CH(NH.)COOH 
Il. Aromatic amino-acids 

19. Phenylalanine, C.H..CH,.CH(NH.)COOH 

20. Tyrosine, HO.C,H,.CH,.CH(NH,)COOH 

21. Di-iodotyrosine, HO.C,H.IL,-CH,.CH(NH.)COOH 

22. Thyroxine, HO.C,H.L,.0.C,H.1..CH,.CH(NH,)COOH 
IIL. Heterocyclic amino-acids 

23. Proline, C.NH,.COOH 

24. Hydroxyproline, C,NH,O0.COOH 

25. Tryptophan, C,H,N.CH,.CH(NH.)COOH 


General properties.—The Proteins except the chromoproteins are 
colourless and barring a few e.g, egg albumin, insulin, etc., they are 
hydrophilic colloids. They cannot, therefore, diffuse through parch- 
ment paper; by dialysis, proteins are generally freed from salts. The 
are insoluble in alcohol (gliadins however dissolve in 70-80% alcohol 
but not in absolute alcohol) and ether, most of them are insoluble 
in water (gelatin, egg albumin, etc. are soluble in water); with water 
some proteins form gels. Many, however, dissolve in salt solutions 
(cf, solubility of amino-acids, Dp. 184)—physiological saline solution 
(08% NaCl) present in our system, keeps the protein matter in fluid 
form. They are optically active and are leevo-rotatory. Amino-acids 
having d-configuration are not assimilated by us. They have little 
food value. These occur in micro-organisms. The simpler members 
are tasteless and odourless. Proteins are non-volatile, they decompose 
on heating—and have no definite melting Points. Some protein solu- 
tions coagulate on heating, the temperature of coagulation (usually 
between 55° and 15°) is determined by its specific nature, its pH 
value and the presence of electrolytes in it. Once coagulated, proteins 
seldom re-dissolve but may dissolve in acids and alkalis. Gelatine 
solution, an exception, sets to a gel on cooling. Alcohol, strong 
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electrolytes, and mineral acids coagulate some proteins. Many are 
‘salted out’ from solutions by saturating then: with ammonium sul- 
phate. Proteins may be Precipitated from colloidal solutions reversibly 
Or irreversibly—boiling alone or with NaCl, acetic acid, etc., causes 
irreversible coagulation. Many dissolved proteins (2:85 fin urine) are 
thus detected. Alcohol or acetone usually causes reversible precipi- 
tation. 


Their molecular weights are very high—but not yet accurately 
known in many cases. From the iron content of hemoglobin, its 
molecular weight has been found to lie between 16,000 and 17,000. 
That of casein (from its sulphur content) comes to 16,000. But the 
purity of the samples has not been conclusively shown. The mol. wt. 
of egg albumin by the osmotic pressure method (Sdrensen) comes to 
about 43,000. By the ultra-centrifuge method (from the rates of sedi- 
mentation), Svedberg arrived at the same figure for the albumin of 
hen’s egg. The other values by this method are 46,000 for insulin, 
70,000 for horse serum, 310,000 for edestin, 8,910,000 for hemocyanin, 
10,600,000 for tomato virus and 40,000,000 for tobacco mosaic virus. 
Light scattering method gives the figure for egg albumin as 45,700, 
for horse serum, 76,600, for edestin, 835,000, for hemocyanin, 6,340,000 
and for tomato virus, 9,000,000. These may represent the size of the 
micelle (formed from several molecules). 


Some of their physical Properties may change without there being 
any change in their elementary composition. This may occur when 
they remain in contact with water or alcohol for a long time, and 
more particularly, when they are heated or treated with acids, alkalis 
or ultra-violet light, or even on shaking. Their solubilities in water or 
salt solutions thus decrease. ‘They may lose Physiological activity or 
capacity to crystallise; their mol. Wis. may also be affected. This is 
known as denaturing. Many Proteins give amines (with loss of CO,) 
when heated cautiously, especially. in indifferent, high-boiling solvents. 
Leucine thus gives iso-amylamine. The action of bacteria is more or 
less similar ; proteins thus undergo putrefaction. 


Some proteins are visibly fibrous but not visibly crystalline, e.g., silk, hair, 
etc. Others are visibly crystalline but not visibly fibrous, e.g., egg albumin. 
oEUiG: etc. These are called fibrous and corpuscular Proteins respectively. 
But casein, a non-fibrous protein, has been obtained in the fibrous form. 
nL AD artificial wool discovered in Ttaly and made on a commercial scale, 
is essentially casein (a solution of casein in NaOH and carbon disulphide is 
forced through fine orifices into a sulphuric acid bath, just As rayon is made, 
to obtain the fibre which is then hardened by treatment with formaldehyde. 
The X-ray diffraction patterns of the fibrous Proteins reveal their crystalline 

jicture. ‘Denatured’ corpuscular proteins also Elve similar X-ray Photographs, 
stru ting a bundle of stretched polypeptide chains. They can, therefore, be 
indicati to artificial fibres. Nylon, a purely synthetic Polyamide fibre, made 
made “ৰ ic acid and hexamethylenediamine, is an excellent substitute for natural 
from ft Ba a structure similar to that of synthetic polypeptides of Emil Fischer, 
SE [-CO-(CH.),-CO-NH-(CH.).-NH-]. 

2) 


mino-acids, proteins are mostly amphoteric in their behaviour, the 
EE ‘hase tendencies being determined by the relative number of’ free 
aci' OH or -NH, groups. In acidic solution, they generally ‘behave as bases and 
te solutions, as acids. The behaviour of a protein is thus largely influ- 


20 ট bl 
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enced by the pH f(i.e., the hydrogen-ion concentration) of the solution. The 
particular pH at which the number of anions and that of cations are equal, 
is known as its iso-electric point ; the positive charges on the Zwitter-ion (p. 184) 
exactly balance its negative charges. It is not, however, pH 7 (it is generally 
on the acid side) and varies with different proteins. Thus for casein, it is 46; 
for hemoglobin, 6°8, for glutenin, 4°4, for insulin, 5'3, for protamine, 12'2 and 
for egg aloumin, 4:8. A protein in colloidal solution 1s most easily coagulated 
on account of its electrically neutral character at the iso-electric Point; swelling, 
solubility or viscosity is the minimum. 


Vegetable proteins are not fundamentally different from animal 
proteins (cf., animal and vegetable fats); for example, It is not possible 
to establish the identity of ‘any particular albumin or §-obulin. 
Vegetable proteins, however, yield comparatively more glutamic acid 
and ammonia than do animal proteins. Some proteins e.g., prolamines, 
occur only in the vegetable world. From a study of the crystaline 
enzymes such as urease, it appears that enzymes are proteins. Insulin 
(the deficiency of which causes diabetes) and some other hormones are 
proteins ; the viruses (sub-microscopic agents passing through a filter 
that retains living cells) that cause disease, are nucleo Proteins. 

Reactions of proteins—(i) Biuret reaction: On adding a few d 
very dilute solution of CuSO, to a solution of protein made alka 
excess of NaOH solution, a violet colour is developed. This is 
Presence of at least two -NH-CO- Eroups in proteins as in biuret 


Proteins and many of their decomposition products but not fre 
respond to this test. 


‘drops of a 
line with an 
duc to the 
(Pp. 266). All 
© amino-acids 


(ii) Millon’s reaction, —With a few drops of Millon’s reagent (an aqueous 
Solution of mercuric and mercurous nitrate having a trace of free HNO,), 
proteins that contain tyrosine (an amino-acid with a phenolic radical) give 
brick-red coloration or Ppt. on boiling. The colour is specific for the phenol 
group ; gelatin, for example, does not give this test. 

(iii) Xanthoproteic reaction —A protein solution, 
conc. HNO,, turns yellow (Greek zxanthos, yellow; o0' 
ammonia, the colour changes to orange. It is a deli 
Aromatic nuclei. The yellow stain conc. HNO 
to this reaction. 

(iv) Molisch’s reaction.—To 
added an alcoholic solution of a-na 
poured down the side of the test-tube. 
tion of the two liquids. Only proteins 
this test. The colour is probably due t 
carbohydrate, which reacts with a-naphthol. 


(v) Lead sulphide test—On boiling a protein solution with "NaOH and 
lead acetate, a black ppt. of lead Sulphide appears. Proteins having sulphur 
as -S-S- or -SH (e.g., in cystine or cysteine) give this test. 


on warming with a little 
Nn making it alkaline with 
cate test for proteins with 
s produces on the Skin, is due 


(vi) Coagulation test —A protein solution, 
coagulates on heating if it contains albumin. The 
of protein cannot thus be detected. 


(vii) Ninhydrin reaction.—a-Amino-acids, proteins or their decomposition 
products, having a free -COOH and an a-amino group, produce ai Lblie tcolout 
on heating with triketo-hydrindene hydrate (ninhydrin). This is Widely used in 
detecting amino-acids by paver chromatography. But ammonium Salts and 
some amines also give this test. 


Isolation of proteins.—In many cases, proteins may be obta 
fess pure form by mechanically separating the accompanyin 
instance, starch of wheat flour can be removed by washing and 


acidified with acetic acid, 
test is not delicate as traces 


ined in more or 
& matter. For 
separated from 


sated = > hss 
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the gluten. Separation may be effected with i ্ে 
example, may be extracted EEE SE Pro- 
issolve in 10% NaCl, glutelins are soluble in dilute acids andr i EES EES 
10% NaCl solution, about 1% Na,CO;,, 0°1-1% caustic alkalis, Ee TEE LEE 
employed for extraction. It is comparatively easier to isol C. are generally 
SEEN Es from animals. isolate proteins from 
iydrolysis of proteins.—To obtain the i i 

hydrolysed with acids, alkalis or Ere OER NOt DOLLS are 
boiling HCI (about 20%) is commonly employed ; SOHTetLES MES Sk constant- 
more convenient. Hydrolysis reaches completion in the latter case % H:SO, is 
The time required for complete hydrolysis varies with proteins eS slowly. 
6 and 24 hours. ‘Alkaline hydrolysis with NaOH, KOH or Ba(OH) between 
and complete. As amino-acids are racemised by alkalis, it is sca হো aE 
Hydrolysis by enzymes is slow and often incomplete. Proteins, on ee oY done. 
lysis with HCl or H:SO,, decompose as » ON graded hydro- 
Proteins —> Meta-proteins —> Proteoses —> Peptones > Poly- 


peptides —> Amino-acids. 
Ammonia is eliminated during hydrolysis. The i r 

not been isolated in all cases; in Het {Ley CEE have 
enzymes. Lepsin of our stomach decomposes proteins up to the SE by 
It acts in the acid medium of gastric juice ‘which contains Hcl ET stage. 
decompose polypeptides. Zrepsin (in the mucous membrane of the ES 
and trypsin (in the pancreas) complete the hydrolysis started by pe se) 
amino-acids which are finally absorbed and utilised for tsstie BUN ne Le 0 
of our food does not directly become protein of our body. STDS) ৰ ER 
in slightly alkaline medium. Papain, a ferment of vegetable origin, hydrolyses 
protein. Trypsin can hydrolyse native proteins to amino-acids ; erepsin hydro- 
lyses polypeptides but not natural proteins, to amino-acids. Our system may 
convert protein into sugar—diabetics living upon protein food alone, may have 
sugar in the urine. 


Jf the -NH, of an amino-acid e.g., glycine, combines with 


Polypeptides.— 
the -COOH of another molecule (which may be different), with the elimination 
a dipeptide results. Glycyl-glyeine, H,NCH.CONHCH,COOH, thus 


of water, t 
obtained, may combine with another molecule likewise at either end, giving a 
tri- or tetra-peptide., Peptides of high mol. wt. are called polypeptides which 
result when proteins are partially hydrolysed. Emil Fischer synthesised many 
polypeptides of which the biggest had 18 amino-acids. He suggested in 1902 
that proteins consist of amino-acids joined through peptide or amide linkage, 
-CO-NH-. This may occur in almost innumerable ways, thus ten different 
amino-acids may form 75 lacs of polypeptides. Polypeptides resemble natural 
proteins fairly closely ; their study helps elucidation of protein structure. 
Separation of amino-acids.—Fischer's ester method is based on the fact 
that etnyl esters of monoaminocarboxylic and monoaminodicarboxylic acids can 
be distilled in vacuo without much decomposition. The protein is hydrolysed 
with HCl, excess 0 HCl is removed, the solution of amino-acid hydrochloride 
is concentrated, and saturated with HCl gas. On cooling, glutamic acid hydro- 
chloride, if present, crystallises and is removed. The remaining amino-acids 
are esterified with absolute alcohol and HCl (or ZnCl). On concentrating 
and cooling, glycine ester hydrochloride, if any, crystallises and is separated. 
On neutralisation, the free esters are obtained. These are dissolved in absolute 
ether, the ethereal solution is dried and distilled under vacuum. In Dafin’s 
eth. the protein is hydrolysed with H.SO,, excess acid is removed’ by baryta 
d the aqueous solution of amino-acids is concentrated to crystallisation. This 
AD tracted with n-butyl alcohol in which amino-acids except proline are 
1s ie but the monoaminomonocarboxylic acids are slightly soluble in 
bt Il alcohol saturated with water. The aqueous alcohol distils at a lower 
perature than the absolute. So the mono-amino-carboxvlic acids are 


obtained in the receiver. The absolute butyl alcohol containing proline, if 
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i tains the diamino 
i d. The solid that has been extracted con d 
Jer BoE feids, etc. The individual acids from each fraction are 
3 by precipitation, fractional crystallisation, 
TH Brazier-Schryver method, the different Solubiliti. 
amino-acids are utilised for their separation. 


-ACidS, 
then 
paper chromatography, etc. 
es of the copper salts of 


6°25). This, however, does not always give accurate Tesults bec. 
animal proteins (which generally contain very close to 169 


Emil Fischer tried to build up the protein molecu 
acids. He (1907) prepared a polypeptide, C,,H,.O,,N 


Whose mol. wt. is Probably a multiple of 34,000), and the high 
Hteucyhtriglyey- uel ilelvor ey PSct ONO nd he It 
€ nearest approach to the natural proteins, and the m 


thetic polypeptides—it has 816 isomerides. Abderhalden, a Pupil of Emil 
RiSCHEr, Has Re on obtained a Polypeptide consisting of 1 amino-acids. 
Synthetic polypeptides give biuret reaction like proteins. 


nous compounds. The dried yeas 


t contains 
Was a valuable cattle-food. 


‘Marmite’ is an 

Y Protein) can be treated to give Products 
resembling meat in Appearance and flavour. It Possesses a high nutritive 
Value and was, during the second World war, re aS a substitute for 
conomically grown 
aber’s process from 


) S s e of carbon. The 
Tted into Protein —undoubtedly a big achieve- 
ment. * 


his is commercially 
Cr. Casein from milk is used in making 
invalid foods, in the manufacture of plastics with formaldehyde (used in making 
buttons), sizing of Paper, in making casein glue, etc. Soya bean Protein is 

L an intestinal astringent ; pep- 
) and iron oxide, is a nutrient; mercurol, 
containing 20% mercury combined with nucleic acid, is a local antiseptic. 

Plasma protein in Tom blood aft 


rt Aqueous solution, obtained f f 
blood cells by centrifuging. is now Widely used for treating shock due to major 
operations or serious injuries. 


QUESTIONS 

1. What are proteins? By what specific re 

2. What are the building Stones of protei 
the important properties of the proteins. 

3. Diccnss the results obtained by the hydrolysis of the Proteins. 
London, 1932). { Y y 

4. Exolain: iso-electric point, zwitter- 
Polypeptides, 


© Mention, with examples, the groups into Which proteins have been 
classified, 


Actions are they detected ? 
1 molecules? State some of 


(B.Sc. 


ion, amphoteric compounds and 


CHAPTER XXX 
THE CYCLOPARAFFINS 


We have so far discussed the aliphatic compounds, 1.e., open-chain 
hydrocarbons and their derivatives which include some closed-chain 
compounds such as lactones, anhydrides and imides of dibasic acids 

' Ee 4 es bad) 
ethylene oxide, etc. There are quite a large number of compounds 
having three, four, five or, more commonly, six atoms of carbon in 
rings of great stability. They differ in some respects.{rom the aliphatic, 
and are called cyclic compounds. These comprise of: f 

(i) Carbocyclic or homocyclic compounds having only carbon in the Ting ; 
€.g., benzene, CiH.. They are either (a) licyelic (aliphatic cyclic) compounds 
such as cyclopentane, CsH,, (p. 63), cyclohexene, C;H,,, etc. or, (b) Aromatic 
compounds such as benzene, naphthalene, etc. 
and (ii) Heterocyclic compounds with one or more elements other ihan carbon 
in the ring, e.g., pyridine, C5H5N. 


Organic compounds 


Y 
Ring compounds Aliphatic compounds 
[4 ৰ’ + 
Heterocyclic compounds Carbocyclic or homocyclic compounds 
+ + 
Alicyclic compounds Aromatic compounds 


Polymethylenes, cycloparaffins or cycloalkanes are alicyclic hydro- 
carbons having the general formula, CnHn. They are isomeric with 
the olefines (p. 68), but saturated and quite stable. They occupy an 
jntermediate position between aliphatic and aromatic hydrocarbons. 
Polymethylenes are also called naphthenes as some of them, e.g, 
cyclopentane and cyclohexane, occur in the naphtha fraction of 

ctroleum. Sterols, bile acids, sex ‘hormones, vitamin D, (calciferol), 
etc. contain alicyclic rings. Alicyclic compounds occur widely যন plants 
as essential oils (e.g, terpenes) and as naphthenes in Russian petroleum. 
Cycloparaflins are named according to the number of methylene groups 
in the molecules: 


" CH; H,C—CH,; H,C—CH, 
2 || | | | 
H,C—CH; H.C—-CH; HE IGE 

Trimethylene Tetramethylene SS 

(cyclopropane) (cyclobutane) CH. 
Pentamethylene 
(cyclopentane) 


Preparation of polymethylenes and their derivatives.—(1) 

Cycloparaflins may be prepared by treating %,0-dibromoparaffins (i.e. 
yC!OpAar: minal bromine atoms) with sodium (internal Wurtz reaction). 

Hoes members up to cyclohexane can thus be made ; if the halo- 
he 


ye further apart than 1:6 positions, paraffins are obtained by 
ens 


Wurtz reaction. 
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CH. | Br CH 
CO ENE HES PESNeBL 
CH.\Br CH, 
1: 3-Dibromopropane Cyclopropane 


(2) Alicyclic acids result on treating «,w-dibromoparaffins with 
disodio-malonic ester: 


CH.CH.B COOEt H.C—CH. 
EY Nac < => | I LCOOEt HO 
CH. Br COOE: HCC ES 
1:3-Dibromopropane Disodium malonic ester COOEt 


H.C—CH, Heat ROC, 
COOH Lt 
CK H,C—CH.COOH 


COOH Cyclobutyl carboxylic acid 
Tetramethylene dicarboxylic acid 


0; 


(8) Calcium salts of higher dibasic acids (of the oxalic acid series), 
on dry distillation, yield alicyclic ketones. Three-membered rinas 
cannot, however, be obtained thus. They are termed by the corres- 
Ponding name of the cycloparaffin ending with ‘one’. Hydriodic acid 
reduces the ketone to the corresponding hydrocarbon. Rings with as 
many as 84 carbon atoms can thus be formed. 


EEE LSS Distillation EEN 
Ca OE CO + CaCo, 
CH.-CH,-CO0/ H,C-CH,/ 
Calcium adipate Cyclopentanone 
(4) Benzene and its deriv 


[ atives, on hvdrogenation under Pressure 
in presence of finely divided nickel, yield cyclohexane and its derivatives. 


CH=CH CH,—CH 
ZA N vA AN 
HC H+ 6H = H CH.. 
NcoH—cH/ NCH CHAN 
Benzene Cyclohexane 
CH=CH. CH,—-CH, 
2 DS 2) NS 
HC COH + 6H = H.C: S 
NcoH_cnt Neen TE 
Phenol Cyclohexanol 
(5) By Diels-Alder Reaction (Pp. 251) various alicyclic compounds 
may be prepared. 


Properties of polymethylenes.—The cycloparaffins, except the 
first two members which are gases, are colourless liquids or solids. 
Their density increases with molecular weight. They usually boil at 
higher temperatures than isomeric olefines or corresponding paraffins 
as shown below. This is true about their derivatives as well. 


No. of C-atoms CnH.n (cyclic) CnH.n (CHE 
in the mol. (olefine) (paraffin) 
Density b.p- GC. b.p: 1G bip- °C 
3 Eas 34 =48 =44'5 
4 07038 13 5 06 
5 0°7635 49 40 36'3 
6 0°7934 81 64 69 
7 0'8252 118 945 98:4 
8 08502 149 1205 
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Polymethylenes with five ‘or more c j 
They behave generally like aliphatic LT ER TE 2 
bromine gives substitution products with cyclobutane EEE 
homologues. But with cyclopropane, dibromopropane is ob Sa 
Cold pot. permanganate solution has no action on cyclo aan লন 
paraffins (but cf, ethylenes, P- 59). The cyclopropane Er Cc fl a হে 
TIngs are comparatively less stable. Cyclopropane, for EE ৰ LEU 
an open-chain compound with bromine in sunlight, or Ryda EES 
Hot hydriodic acid and cyclobutane give n-butyl iodide OEE LE 
cycloparaffins are unaffected by the acid. j EG 


CH, CH.Br CH, CH 
AMEE Br: lll LAC 
H,C—CH,; CH,-CH.Br. H,C—CH, CH.-CH.I. 
Dibromopropane n-Propyl iodide 


Cyclopropane 

Cyclopropane yields propylene when passed through a red-hot 
tube. By hydrogenation in presence of nickel, cyclopropane forms 
propane at 80°, and cyclobutane gives n-butane at about 120°, cyclo- 
pentane forms n-pentane at 300°. Higher members remain unaffected 
by such treatment. Baeyer tried to explain such instability by his 


sirain theory (1885). 

Relative stability 
and Le Bel (p. 198), 
carbon, directed in space, 
it is possible to conceive 
distortion of valency bonds. 


of Ting compounds.—According to van’t Hoff 
the angle between any two valency bonds of 
is 109°28’. In saturated aliphatic compounds, 
all the carbon atoms in one plane, without 
In compounds with a double or triple 


bond (pp. 60, 66), the bonds are ‘deflected’ from their normal directions, 
thereby causing a ‘strain’ in the molecule. In trimethylene, the carbon 
atoms lie at the corners of an equilateral triangle, and hence the angle 
between them is 60° if it is assumed, as Baeyer did, that the C atoms 
in cyclic compounds also lie in the same plane. So the valencies 
engaged, in carbon-carbon linkage have suffered. a distortion of 
2[109°28’ — 60°1 or 24°44’, Similarly for cyclobutane (a 4-membered 
rine) it is 31109°2¢ 90°] or 9°44. Calculated in the same way, the 
macnitudes of deflection of the valency bonds from the normal in the 


polymethylenes are: 
Cyclopropane +24°44" Cyclohexane 5°16", 
Cyclobutane + 9°44’ Cycloheptane —9°33’ 
+ 0°44’ Cyclo-octane 12°46’ 


Cyclopentane t 
+ Sign indicates inward and sign outward displacement. 


According to Baeyer, the strain is a rough measure of the 
instability of These rings. The strain 1s the greatest in cyclopropane, 
and the least in cyclopentane. Their behaviour supports this view. 
The former behaves more or less like an olefine and the ring is easily 
ruptured, while the latter is stable like a paraffin. Molecular refraction, 
molecular dispersion, heat of combustion, parachor values, etc., of 
alicyclic compounds are in favour of Baeyer. 

This simple explanation of the stability of cyclic compounds is not, 

asmuch as six-membered rings occur in 


however, wholly satisfactory in i 
bundance than five-membered ones, though the strain 


much greater a 
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in the latter is apparently the least. Then again, cycloparaflins from 
To) heptane upwards should be more and more unstable, which is also 
ন In fect Ruzicka has synthesised rings containing as many 
Ee BAUEFLO atoms by distilling in vacuo at 800° thorium or cerium 
salts ©: GHEE acids with copper powder; these are remarkably stable. 
This is because all the carbon atoms do not lie in the same plane, and 
the rings are buckled so as to produce Practically 10 strain. Sachse 
(1890) first suggested such strainless models for cyclohexane: 


C CHG AEDES 
২ 


Bed or boat form (cis) Fig. 47. Chair form (trans) 


Cyclohexane should, therefore, exist in tWoO stereo 
But actually, only one is known. According to Mohr 
Sachse’s idea, these configurations continuously change 
the other—the ring system being dynamic. 

Cyclopropane or trimethylene, C,H,, is a colourles: 
smelling gas obtained by treating 1:8-dibromopropane in boiling 
Xylene solution with sodium. In daylight, it Lives a mono-substitution 
Product with chlorine, but bromine or hydriodic acid opens up the 
ring, giving 1:8-dibromopropane and n-propyl iodide respectively. 
Passed through a red-hot iron tube, it forms Propylene, and on cata- 
lytic hydrogenation, it gives propane. Its corresponding ketone or 
alcohol is unknown. Propane (from cracked Petroleum) is commer- 
cially chlorinated to 1:8-dichloropropane which forms cyclopropane in 


80% yield with zinc dust. Itis a safe but costly anesthetic, Producing 


in low concentration (15-30% in oxygen) insensibility to Pain ‘but not 
unconsciousness. But the disadvantage is that a mixture of cyclopro- 
pane (25-70% by volume) with Oxygen is explosive and a spark of 
static electricit may start the explosion. Cyclopropane can be readil 
distinguished from isomeric Propylene which decolorises dilute alkaline 
Petmanganate solution in the cold, but cyclopropane does not. It has 
a characteristic odour and Pungent taste. “It is slightly soluble in Water 
but freely soluble in alcohol. 


Cyclobutane or tetramethvylene, C,H,, is also a Plead TE 
Eas, unaffected by bromine, KMno0, or HI in the cold. On catalytic 
hydrogenation with nickel at 120°, n-butane is obtained. It is usually 
prepared by the hydrogenation of cyclobutene at 100 with nickel 
1:4-dihalogen derivatives of n-butane do not, however, yield cyclo- 
butane by ring closure. Cyclobutanol (b.p. 123°) is quite stable, 
resembling n-butanol. 


(ARE OF entamethylene, CH,,, occurs in naphthenic 

Ee Entnn I be obtained from 1:5-dibromopentane, 

EE Br(CH,),CH. Br, and zinc. It is a mobile liquid (b.p. 49°), 
2 2/3. ERE 


renrarkably stable ; bromine cannot open the ring. The halogens, in 


S and pleasant- 
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presence of light, produce substitution derivati 
erivatives—chloro- 
cyclopentanes, etc. lt gives 1-pentane by catalytic reducti bromo- 
platinum at 300°. It is thus much more stable than 0 i 
S ৰ ্‌ cy ig 

It may be nitrated with concentrated HNO, in the c RE 
HNO, at 100°. Cyclopentanone (p. 310) ma FS HEE 
cyclopentane with zinc-mercury couple and HCl EEOEed 


Naphthenic acids are monocarboxylic, deri £ 
they occur in. small amounts in RUSSinn ET EEE cyclopentane ; 
very EOOd antiseptics, lead, cobalt and manganous salts are OX: AES 
(driers) for paints. Chaulmoogric acid (m.p. 68°), present in Hau EEE 
(a remedy for leprosy), is a cyclopentene derivative. LE Of 


Cyclohexane or hexamethylene, CH: occurs in various petri 

Jeums. Essential oils of plants e.g. terpenes, are rich in TcOHEale 
derivatives. Methylcyclopentane gives cyclohexane on heating ove 
450° with chromic oxide. It is manufactured by hydrogenation XY 
benzene in presence of nickel at about 200°. Cyclohexane ‘is a colour- 
less, fragrant liquid (b.p. 81°), resembling the paraffins closely. Chlorine 
and bromine produce substitution products, and hot conc. HNO, 
SNidises it to adipic acid, HOOC(CH.),.COOH. For making nylon, 
adipic acid is obtained by oxidising cyclohexane with air in presence of 
cobalt salt at about 120°. Fuming H,S0O, converts it to benzenesul- 
phonic acid, C.H,SO,H. Cyclohexane is a commercial solvent. 
Gammexane, the well-known hexachlorocyclohexane 


(P- 820). 

+. The six substituents in benzene and its derivatives lie in the plane of 
the ring but in cyclohexane, they occur in two planes (parallel to that of the 
Ting). Consequently, when two H-atoms linked to two different C-atoms are 
replaced, a special type of spatial isomerism results. Two compounds are thus 
possible according as the substituents lic in the same plane (cis-form) or in 
different planes (trans-form). Quinitol (1 : 4-dihydroxy-cyclohexane) occurs in 
two stereoisomeric forms (both optically inactive). This is similar to the 
isomerism of maleic and fumaric acids (p. 249), the ring prevents free rotation 


of carbon atoms like the double bond. 


insectide, is 


Hn Hn 
nH 
H 
HO 
AL un | H চট 
H 5 SE 
ON H 
H 
H H 


Cis-quinitol (m.p.- 102°) T'rans-quinitol (m.p. 139°) 
Cyclohexanol or hexaline, CH,,OH, the corresponding alcohol, is 

2 colourless liquid b.p. 160°), with a smell of camphor. It is a solvent 
for cellulose esters and phenolic resins; it improves the cleansing 
ower of soap. It is made by the hydrogenation (under 4 atmospheres 
pressure) of phenol in presence of nickel at 160-170°. Chromic acid 
oxidises cyclohexanol to cyclohexanone, CH, 0, a ketone, which is 
also formed if phenol is hydrogenated well above 900°. On oxidation 
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with conc. nitric acid or alkaline pot. permanganate, it gives adipic 
acid (p. 246), used in making Nylon. 

Partially or fully hydrogenated benzene and its derivatives are 
called hydroaromatic compounds; they possess olefinic or paraffinoid 
properties rather than aromatic. Cyclohexane, cyclohexanol and cyclic 
terpenes are examples. 

Cyclohexanehexol or inositol, 


C,H(OH),, which is isomeric with 
glucose, is obtained by reducing 


hexahydroxybenzene, C,(OH),, in 
Presence of platinum black. It is sweet and occurs in the liver, heart 
and brain, and as phytin, the hexaphosphoric ester, C,H(OPO,H,),, in 
Plant cells. It exists in 8 isomeric (cis-trans) forms of which only one 
has an asymmetric structure, and is optically active. The d-form occurs 
in pine trees. The optical activity of inositol is specially interesting 
inasmuch as it contains no asymmetric carbo atom (see P. 194) but 
the molecule itself has asymmetric structure (it cannot be super- 
imposed upon its mirror image). The benzene ring, like a double 
bond, restricts free rotation of ato 


IMS Or groups and makes these stereo- 
isomers possible. Like inositol, certain derivatives of diphenyl and of 
allene, H,C=C=CH,, also exhibit optical activity. 


OHS 
C,H CH 
H n 0 oH 
eh EEE EL 
OB x C,H. CH; 
Ho Nf VM OB Diphenyl-dinaphthyl allene 
| 
H OH 


Inositol (d- or 1-) 


Cycloparaflins, CnH.n. 


Name m.p. °C b.p. °C sp. gr. 20° /4° 
Cyclopropane —126'6 34 "688 at -40° 
Cyclobutane 50 13 "704 at 0° 
Cyclopentane 94 49 746 
Cyclohexane 65 81 '778 
Cycloheptane —12 118 810 
Cyclo-octane 144 149 '839 

QUESTIONS 


1. State briefly Baeyer’s strain theory as applied to cyclic compounds, and 
describe the lines on which the theory has been extended and developed. (B.Sc. 
London, 1931). 


2. How are cyclohexane ‘and cyclohexanol manufactured ? What are 
their uses? How could you distinguish cyclchexane from normal hexane? 

3. Describe different methods by ‘Which cycloparaffins have 
synthesised. (B.Sc. Hons., 1937, Dacca Uni). 

4. What do you know about the Polymethylenes? What is Baeyer'’s 
strain theory? (B.Sc. Hons. 1933, Dacca Uni.). 

5. What are the various methods available for th 
methylenes? (B.Sc. Degree Exam. 1941, Annamalai Ui 


becn 


Ie synthesis of poly- 
ni.). 


CHAPTER XXXI 


THE AROMATIC HYDROCARBONS 


The earlier chemists classified substanc i i 

physical properties—thus all gases were EE EE 5 La 
of vitriol, ‘milk’ of lime, ‘butter’ of antim Ss ETE TLS 
examples. Plant products such as oil of চা ony, etc, are familar 
১s E 0 er almonds, gum b. i 
oil of lemon, balsam of Tolu, oil of wintergreen, etc ER d EE 
did not quite fit into the established classes Gf CO POUAE tT সা! 
they were designated as aromatic on account of their ET BAAD 
or smell. With the development of organic chemistry, EE SREY 
that these were cyclic compounds, and could be regarded as EC 
of a mother substance, benzene, CH, as aliphatic compounds LE 
considered to have been derived from methane. Compounds ন 
from, or related to, benzene are called aromatic compounds SEATIR 
most of them are devoid of aroma, and some have a nauseous 5 
Their properties are somewhat different from those of the CGE 
They, like the aliphatic, consist of hydrocarbons, alcohols, AGERE 
acids, etc. Al organic compounds cannot, however, be grouped SE 
these two water-tight compartments, aliphatic and aromatic; there are 
others that occupy intermediate positions and possess a blend of the 
properties of both (e.g., the alicyclic compounds). 


Characteristic properties of aromatic compounds.—(i) The aromatic sub- 
stances, as a rule, contain a higher percentage of carbon and a lower per- 
centage of hydrogen than the corresponding aliphatic compounds. They, there- 
fore, burn with a sooty flame like acetylene. Thus benzene, C.H., contains 
92:3% carbon but hexane, CoH only 837%. They are, however, remarkably 
stable and do not behave as unsaturated compounds in many respects. 
(ii) With cone. H;,SO:,, aromatic compounds generally form sulphonic 
acids ; this is practically Unknown in aliphatic chemistry. 
CH, + H:SO, = CH.SOsH + HO. 
Benzenesulphovic acid 
(iii) Conc. HNO, usually converts the aromatic hydrocarbons and their 
derivatives to nitro-derivatives. Direct introduction of a -NO, group into 
The aromatic 


aliphatic compounds is rather uncommon (but vide Pp. 0 
ino-derivatives which form diazo-compounds. 


nitro-compoul 1 
Parallel examples in 


Benzene 


CH. + HNO; = C.H:NO: + HO. 
Nitrobenzene 
on products 


iv) Chlorine and bromi 

with aromatic hydrocarbons, more common. Monohalogen 

derivatives ©! more stable and S0, less reactive, than alkyl halides. 
hich react with alkyl halides (PP. 73-75). 


They are U 
C,H, + 3Cl = C,H.Cl.- 

v ec hydroxy compounds of aro! d 

cidic unlike those of paraffins (i.e. alcohols) which are neutral. 

The aromatic compounds Possess 2. closed-chain or Ting of six carbon 
atoms, which remains intact in mo cal changes ; drastic measures rupture 
the ring into simpler fragments like COs, oxalic acid, etc. In fact, the funda- 
i nce between the two. groups is the difference in structure, Which 
e differences in their behaviour. 


matic hydrocarbons (L.e., phenols) 


are 2 
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Conversion of open-chain compounds into closed-chain or aromatic 
is possible in some cases e.g, acetylene, passed through a red-hot a 
forms benzene (p. 68) and acetone, distilled with conc. H.SO,, Yields 
mesitylene (p. 189). Some aromatic compounds split up into open-chain 
derivatives, ¢.§., On careful oxidation, phenol yields meso-tartaric acid 
and maleic acid is obtained by the catalytic oxidation of benzene 
(P. 248). 

Aromatic compounds are Widely distributed in nature. About 
75 per cent of known organic compounds are aromatic. Many occur in 
Plants as essential oils, resins, colouring matters, etc, and some in 
petroleum. Quite a large number are found In, Or derived from, 
coal-tar, a by-product in the manufacture of coal-gas, Or coke for 
metallurgy. A dozen therefrom are the starting materials for hundreds 
of benzene derivatives. ‘The accidental discovery of the first coal-tar 
Colour, mauve, by the eighteen-year-old Ww. H. Perkin in 1856 while 
attempting synthesis of quinine, gave the impetus to explore coal-tar 
Products for synthetic dyestuffs ; a consequent development of aromatic 
chemistry rapidly followed. In England coal Was first used for lighting 
in 1787 and the first coal-tar distillery built in 1822. 


Destructive distillation of coal.—Bituminou 
82-40% volatile matter), heated to 1000-1400° 
in fire-clay or iron retorts, yields 


(i) Coal-gas (about 17% of the weight of coal taken) 
(ii) Ammoniacal liquor (8-109) 
(iii) Coal-tar (4-5%) and 
(iv) Coke (about 70%). 


Hot coal-gas with other volatile Products is passed through a 
series of pipes kept cool by dipping in water, or exposing to the air. 

€ non-volatile residue Viz., Coke, is mainly used for the extraction of 
iron from its Ores and as fuel. As the Cas cools in its Passage through 
upright pipes, much tar and gas-liquor deposit. These are run into large 
settling tanks Where they Separate into two layers. ‘The lower, viscous 
layer (sp. Sr. TI1-1-2) is the coal-tar, the source of many aromatic 
compounds. The Upper ammoniacal liquor is drawn off and worked 
for making ammonia and ammonium salts. Coal-gas is Purified from 
traces of HS, CO,, etc. and used as fuel and for illumination. 

Coal-tar, ‘once a Waste and veritable nuisance, supplies to- 
the starting materials for many valuable dyes, drugs, Perfumes, 
explosives, photo-goods, etc. From coke ovens about 10-20 gallons 
of tar are obtained per ton of coal. More than 800 pure organic 
compounds, mostly aromatic, have so far been isolated from coal-tar. 
The coal-tar crudes, containing these compounds, Tepresent only 
about 0°5% of the coal. ‘About four crores tons of coal are carbonised 
annually in Great Britain for coke and Bas, and the tar Produced 
(18 lacs tons) is largely utilised for the manufacture of various pro- 
ducts of every-day-life. More than a lac Of people are thus emvloved. 
Fairly large quantities of tar are Produced in India as Well in the gas- 
works of Bombay and Calcutta or Coke-ovens at Jamshedpur and in 


S coal (containing about 
out of contact with air 


day 
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other places, but exc 
Xcept very recently 
efforts have been dE to CO EER ry NE 
convert them into dyes Bt EL 
Jes, drugs, explosives, plastics, etc. H 


In Great Britain, about 250 milli 
PEE sa 2. ion tons of c a i 
YE one LEG tons are carbonised EEO EBS annually, of 
3 PEE 5°2 mi lion tons of coal were produced in SEES ECU OY 
coal-tar is Sled to coked by the iron. industries. More Hn) EE id 
2 ন PE to the roads in Britain; in India, practicall I EE 
15207 road-making. Coke-tar does not materially differ from EERE 
} arge-scale underground gasification of coal without shafi OATES 
worker is employed underground) has been started in USSR Hote DE 
blast, much cheaper (at 1/3 the normal cost) gas is produced Ley NER 
the coal (instead of 60% if mined) is thus utilised. : 180,90%70f 


BENZOL AND 
AGUEOUS LiQUOR 


 Sbrier 
(১ 


TAR DISTILLATE 
OUTLET 


conDEnNSinNG 
co 


OUTLET A CONDENSING 
১ FURNACE cor 


Fig. 48. Distillation of coal-tar. 


Distillation of coal-tar.—Besides finely dispersed carbon, to which 
its black colour is due, coal-tar contains complex substances—acid, 
neutral and Dbasic—together with varying amounts of water. The 
in-going charge of tar is dehydrated ina pre-beater by the hot vapour 
from the distillation itself. First runnings, boiling up to 110°, 
containing aqueous liquor, Denzol, etc., are thus obtained. The tar 
jis transferred to a large, wrought iron still (of 20-30 tons capacity) 
enclosed in brickwork and heated by direct firing (Fig. 48). The 
vapours are led through a long iron worm immersed in the tar of the 
re-heater. The distillate 1s condensed and collected in fractions. As 
distillation proceeds, the temperature gradually rises and the receivers 
are changed either according to temperature or density of the distillate. 
A black, somewhat brittle mass called ‘pitch’ is left in the still. The 
various fractions collected are shown in p. 818. World production of 

10 million tons, about 2 being distilled. 


coal-tar exceeds 
In recent years the industry of low-temperature carbonisation of coal 
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(between 400-600°) has been developed for obtaining smokeless fuel and oils. 
About 3 gallons of volatile oil (‘crude petrol’) are obtained per ton of coal. 
It is paraffinoid, highly volatile and has good anti-knock properties; the 
R.A.F. of Britain depended during the last war chiefly on this fuel. Great 
Britain has no natural petroleum. 

The tar (18-20 gallons per ton of coal against 9-10 gallons in high tem- 
perature carbonisation) also has a different composition, consisting of about 
50% neutral paraffinoid oils, 20% phenolic bodies and 30% resinoids. 
Benzene, naphthalene, anthracene, etc. occur in minute quantities. These begin 
to form at about 750° through the pyrogenic decomposition of ethylenes and 
acetylenes formed at intermediate stages. So, for benzene and other aromatic 
compounds, low-temperature tar is a poor source. 


Fractions of coal-tar. distillation 


Temp. of Approx. “Approx. f % 
Fraction HIERN Sp. gr. yield % | Main constituents 
Light oil or crude up to 170° 0°92 7-8 Benzene OO 
naphtha ত logues 
Middle oil or 170°-230° 101 8-10 Phenol & naph- 
carbolic acid thalene 
Heavy oil or 230°-270° 104 8-10 Cresols 
creosote oil 
Anthracene oil or 270°-360° 110 16-20 Anthracene, car- 
green oil Or higher bazole & phen- 
anthrene 
Pitch left in the — 50-60 Carbon 
still 


Pitch, 92-94% of which is carbon, is run out of the still before 
solidification. It is mainly employed in road-making and as a binder 
for coal-briquettes, a fuel. Dissolved in naphtha, pitch (together with 
coumarone resin) is a protective paint. Pitch is also used for roofing. 
‘Anthracene oil’ gives, on cooling, anthracene, C,H, Which is 
separated by vacuum filtration and purified for making dyes. ‘Heavy 
Oil’ is a preservative for timber, and a fuel for Diesel engines. It con- 
tains phenols and cresols to which its protective action is due. 
‘Middle oil’ consists mainly of carbolic acid and naphthalene. On 
cooling, naphthalene crystals readily separate; these are removed by 
Pressing out the oil, and purified. The oil is worked out for carbolic 
acid. The disposal of tar is economic if benzene, carbolic acid, cresols, 
creosote oil, pitch and refined tar have a good market. 


Treatment of light oil.—The first distillate, a brownish yellow 
liquid (sp. gr. 0°92), contains neutral bodies such as benzene, toluene, 
etc., acid substances like Phenol, basic pyridine, aniline, etc., a little 
water and thiophene, C,H,S. The oil is re-distilled, and the distillate 
below 70° rejected. The rest of the distillate, having about 65% of 
benzene, is agitated with conc. H,SO,, when aniline, Pyridine and 
most of the thiophene dissolve. The acid layer from the bottom 
is drawn off, and the oil treated with caustic soda solution (7-10%) 
which removes carbolic acid and any residual H,SO,. It is washed 
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neutral with. water, and re-distilled from a steam-heated iron still with 
a long fractionating column. The distillate is collected in three frac- 
tions according to temperature, viz, (i) 90's benzol, (ii) 50's benzol, 
and (iii) solvent naphtha. 

‘90’s Benzol’ means that 100 c.c. of this, if distilled, will yield 
90 c.c. distillate below 100°. Actually it contains 84% benzene, 
18% toluene and 8% xylenes. Similarly ‘50's benzo!’ contains about 
46% benzene. These are fractionated to obtain benzene. ‘Solvent 
naphtha’ is an industrial solvent for rubber (e.g, in making water- 
proofs) and also an illuminant. ‘The portion coming at 80°-82° during 
fractionation of ‘90's benzol’; is moderately pure benzene having a 
little toluene and thiophene. The distillate 1s cooled in a freezing 
mixture, benzene solidifies at 54° and is separated from the still 
liquid impurities. It is redistilled and obtained practically pure, con- 

f thiophene, C,H,S, (b.p. 84°). 

0 closely that separation is difficult. It may 
be removed by boiling commercial benzene with mercuric acetate or, by treating 
alternately with cold and hot conc. H.SO,, followed by distillation.  Thio- 
phene is more readily sulphonated than benzene. It is detected by indophenin 
reaction: A crystal of isatin is dissolved in a little cold conc. H.SO, and 
shaken with a few C.C. of coal-tar benzene. A deep blue colour of indophenin 
indicates thiophene. Crude benzene may contain up to 05% of it. 


Benzene, CH, Was discovered by Faraday in TS 2 illumi- 
nating gases made by the destructive distillation of whale oil. In 
1884 Mitscherlisch, a German chemist, prepared it from benzoic acid 
(obtained from gum benzoin) whence the name. a 1845 Hofmann 
isolated it from coal-tar which had already been shown to contain 
naphthalene in 1819 and anthracene in 1882. ‘Benzine’ or ‘benzoline 
is a mixture of low-boiling paraffins from petroleum. Benzene occurs 


in Californian petroleum. 


Benzene is obtained 


ibed ; the yield is about 2 gallons pe 0 1 
ol from coke-oven gas either by scrubbing with a heavy 


il or adsorbing with active charcoal, the dissolved or adsorbed 
hs 0 6 is liberated by Stee distillation. Benzene and its homo- 
AG de from straight-run sasolene in U.S.A. The particular 
logues are Mace gS [ Oo 
fraction is passed through VO, supported on fads 
10-20 atmospheres ; n-hexane gives benzene, n-heptane vields toluene 
al n-octane forms xylene and ethylbenzene. The process, called 
hydrotorming (as hydrogen 1s aded to the in-going vapour to keep the 
; talyst active) involves cyclisation and dehydrogenation: 
cats a S 


from coal-tar by fractionation as already 
1 ton of ocal distilled. Jt 


C,H, —> CoH + 4H: 
n-Hexane Benzene 


academic interest only. 


ng methods are of 
acetylene through a dull-red hot tube, 


The followi 


jion.— B AsSIng $ 0 
b 1 Preparation aromatic hydrocarbons may be synthesised (p. 68): 
0! 
3C,H. = CiHs- 


Acetylene Benzene 
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(2) By distilling sodium benzoate with soda-lime, benzene is obtained 
(cf., preparation of methane from sodium acetate, p. 41): 
C,H.|COONa + NaOH = C,H, + Na.CO.. 
Sodium benzoate Benzene 
(3) Phenol, CLHOH, distilled with zinc dust, yields benzene: 
C:H;OH + Zn = C,H, + ZnO. 


(4) Benzene diazonium chloride forms benzene on boiling with alcohol : 
C;H;NCl + C:H.OH = C,H, + N, + HCI +CH..CHO. 


Benzene diazonium chloride Benzene Acetaldehyde 

Properties—Benzene is a colourless, mobile and highly refractive 
liquid (b.p. 804°) with a sharp smell. It has a sp. gr. 087 (at 20°). 
Solidified benzene melts at 54°, It is highly inflammable and burns 
With a smoky luminous flame. Benzene is Practically immiscible with 
Water but miscible with many organic liquids such a ether, alcohol, 
etc. It is a good solvent for fats, resins, gums, rubber, etc., as also for 
iodine, phosphorus, sulphur, etc. Toluene which is less toxic, is pre- 
ferred to benzene as a solvent. ‘Iwo parts of benzene Vapour in about 
100 parts of air may prove fatal if inhaled; absorption of benzene, 
liquid or vapour, through the skin has toxic effects. Though unsatu- 
rated, it is remarkably stable. It does not decolorise bromine-water or 
Potassium permanganate solution. Nickel cyanide-ammonia complex 


quantitatively absorbs benzene and is employed for estimating benzene 
in a gas mixture. 


Reactions. —(1) In ultra-violet light or direct sunlight, benzene 
forms additive products with chlorine and bromine ; benzene hexa- 
chloride, C,H,Cl,, and hexabromide, CH,Br,, are finally formed at 
50-60°. These decompose when heated alone ov with alcoholic potash: 

CHCl, + 3KOH = C.H,Cl, + 3KCI + 3H,0. 


1:2:4-Trichlorobenzene 


Eight benzene hexachlorides are theoretically possible (cf. inositol, P. 314) 
depending upon the position of the H and Cl atoms on either side of the 
Plane of the benzene Ting. Of the seven known isomers, the gamma (gam- 
mexane, BHC or 666, m.p. 111°) is the most powerful insecticide. Faraday 
first Prepared benzene hexachloride in 1825 but the insecticidal property was 
discovered in around 1942. In 1955, U.S.A. made 49 million Ib. of £ammexane. 
The y-isomer, Tepresenting about 15% of the mixture of hexachlorides, is more 
Soluble in benzene than others, and reported to be odourless. It acts more 
quickly than D.D.T. 

(2) In presence of a ‘halogen-carrier’ such as iron, AlCl, or 
iodine, benzene forms substitution Products with chlorine and Bromine 
at ordinary temperature. Gradually, all the hydrogen atoms can thus 
be replaced ; the process can be controlled (cf. chlorination of methane, 
Pp. 48). 

Cl, Cl, Cl, 
CH, — 2 ACCS EHC => CHCl; ete. 


Benzene Chlorobenzene Dichlorobenzene Trichlorobenzene 
Todine gives iodobenzene at high temperature and in presence of 


. Oxidising agents, e.8., HIO,, HNO,, FeCl, or HeO which decom 


OSE 
the HI as soon as formed (cf., methyl iodide, P- 71). P 
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(8) On passing benzene vapour and hydrogen over finely-divided 
nickel at about 200°, cyclohexane, C;H,,, (p. 818) is obtained (cf. 
formation of ethane from ethylene, p. 58). The double bonds are 
reduced one by one, the first being more difficult to reduce than the 
other two. Cyclohexane and methyl-cyclopentane result on heating 
benzene with hydriodic acid at 250°. fe 

(4) Air in presence of vanadium pentoxide oxidises benzene to 
maleic acid (p. 248). Chromic acid or acid pot. permanganate very 
slowly decomposes it to carbon dioxide and water. “tT 


C,H, + 90 = HOOC.CH=CH.COOH + 2C0, + H.0. 
Benzene Maleic acid 


(5) Conc. HNO; below 70° nitrates benzene, more readily in 
resence of conc. H,SO, (which apparently takes away the water 
Fored) to nitro-benzene, replacing a H atom by a -NO, group. At 
higher temperature and with excess of HNO,, dinitrobenzene, 
C;H,(NO;)s results. 
C,H, + HNO; = C.H,NO, + HO. 
Nitrobenzene 
(6) Unlike paraffins, benzene yields benzenesulphonic acid when 
heated with conc. H,SO.. With fuming H,SO,, benzenedisulphonic 
acid, C,H(SOsH), is formed: 
CH, + H:SO, = C.H,SO,H + H,0. 
Benzenesulphonic acid 
(7) With ozone, benzene slowly forms benzene iriozonide (cf, 
ethylene ozonide, Pp. 59) which, on hydrolysis, gives three molecules 
of glyoxal. This indicates the unsaturated nature of benzene, as does 
Es 
reaction (3). 
GH, + 30, = CiH,0O,. C,H,0, + 3H.O = 3H.0. + 3OHC-CHO. 
BEAEEAC Ozone Benzene triozonide Glyoxal 
5 8) On passing benzene vapour through a tube at 700°-800° or 
through molten lead, diphenyl is formed. 
2C.H, = CiH,-CsHs + H.. 
Benzene Diphenyl 
The monovalent radical C,H;- is called ‘phenyl!’ from ‘phene’ (to shine), 


ame for benzene. It corresponds to alkyl radicals like CH,- or 
Ee EE hydrocarbon radicals are commonly known as aryl radicals. 
Hs ; 


Uses.—Benzene is an excellent solvent for rubber, resins, fats, oils 

d crease. It is used in dry-washing. Nitrobenzene, phenol, styrene 
lohexane are made from benzene. Mixed with petrol, benzene 
ন EE high anti-knock value) is a motor fuel. It is a laboratory 
oe: ie gs in cryoscopic determination of mol. wts., in the extraction 
red » €:8- 


f organic compounds, etc. Benzene kills fleas, lice, etc. 
0 a 


duced 410 million gallons of benzol, but India’s annual 

In 1955 10 347,600 eaffons of 90's benzol. In U.S.A. about 35% of the 

output 1s টা duced is used for making Styrene. 20% for phenol, 5% for aniline 
SE es for Nylon, maleic acid, insecticide, etc. 


21 
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Constitution of benzene—() From analysis and mol. wt. deter- 
mination, benzene is C,H,. 


(1) Compared with hexane, (CHEE US highly unsaturated. 
Benzene, however, exhibits only some of the characteristics of unsatu- 
rated compounds, viz., it adds on chlorine giving finally benzene 
hexachloride, C,H,Cl, ; gives cyclohexane, CH, on catalytic hydro- 
genation and forms a triozonide, CHO, (P82) Bese indi tate 
three double bonds in the molecule 


» (iii) Benzene is quite stable and behaves like saturated ‘compounds 
e.g., it does not decolorise bromine-water Or react with alkaline 
KMnO, in the cold ; forms substitution products such as CHCl, with 
chlorine under suitable conditions and does not add on hypochlorous 


acid or halogen hydracids. The double bonds in benzene are not, 
therefore, of the ethylenic type. 


(iv) Benzene forms only one monosubstituted 
chlorobenzene, CH,Cl, Or nitrobenzene, 
the hydrogen atoms of 
Valent to one another. 
structure such as 


Product such as 
CH, NO. This means that 
benzene are Symmetrically situated i.e., equi- 
- Benzene should, therefore, have a Ting 


TE Il 
forms three disubstituted 
ive only two, are ruled out. 
CH,-C—c XH,C-C—C X:HC-C—cC 

[A] —> A or Al 
C—C-CH, C—C-CH,X C—C—-CH, 


ll | ee 
Cc —> (6 


or CG 

AAS 

CH,=C—C=CH, XHC=C 00H, X00 OCH, 
CH CX 


(VU) But since benzene 


derivatives, 
CH,X,, I and II Which can [es 542 


CX GX 
Nex He/ cH HC/ \cH 


EG 


CX 
Ortho-compd. Meta-compd. Para- 
(1:2) (1:3) (a 5 
Substitution in Positions 1:5 as 1:3 and 1: 
respectively (Greek ortho adjacent, d, para HCO: 
gested by August Kekulé 
1 his celebrated ‘Benzene 


and 1:6 would be the same 
meta the next position beyon: 

Benzene, therefore, has structure III su 
(1829-1896), a German chemist, in 1865 i 


pt "Tn TENET Damn A 


- TUNE OTT aah EO 
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Theory’ Which has, it may be truly said, ‘revolutionised’ organic 
chemistry. The number of known organic compounds was about 3,000 
in 1865, by 1910 it became about 2 lacs. There are two objections 
against the Kekulé formula viz., benzene is remarkably stable though 
it has three double bonds, and it gives only one ortho-derivative though 
positions 1:2 and 1:6 are not identical (one having a single and the 
other a double bond between the carbon atoms). Alternate Structures 
have been suggested from time to time. The difficulty about the 
Kekulé formula is the disposal of the fourth valency of carbon. 
This has been done in various ways. Claus in 1867 put forth his 
diagonal formula in which the carbon atoms within the ring are 
diagonally linked; two years later Ladenburg, working in Kekulé’s 
laboratory, proposed the prism formula: 


HC সত CH 
HC CH 


$f Fig. 50. Fig. 51 
Fig. 49. burg’s pri io 

Claus’s diagonal formula. Ladenburg's prism model. ARE TELE 

neither has a double bond, formation of triozonide cannot 
As 1 dd. The single linkages do not easily fit in the tetrahedral 
be explained. the angle between valences being 109°28’. Ladenburg’s 
carbon Et is three-dimensional, fails to explain the formation of 
formula W RE benzene by reduction ; it also would make some 
TE d derivatives asymmetric i.e., optically active, which is not 
trisu i 
a fact. 


A centric formula came from Armstrong (1887) and Baeyer 


j neously. Here the valencies are directed towards 
(1888) El Ee EE one another. The idea is to account 
the centre Dilic of benzene, and also why partly reduced benzene 
for the sta Sen) behaves more or less as an olefine. Kekulé 
(e.g, dihydro jews in 1872 suggesting that the double bonds were 
modified his vi ing positions, i.e, they were dynamic rather than 


ত ‘hane' . 15 . 
continuously HET HELE forms IT and I are in equilibrium. The 
static. UR ee 1:2- and 1:6-derivatives thus disappears. This 
difference, fits in the present concept of resonance. 
remarkably H H 


CH 54 JES 
CH HC N\cH HIG! GH HAC eMC IH 
sof J > | or 5 5 =? ee ধা 
C OT LLIOHE HAO. 
HC\ycn REN HC. 
CH 3) I ~~ RB 
1 E ib x 
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It is now believed that neither I nor IT but an intermediate state— 
a hybrid structure—called resonance structure (which cannot, however, 
be depicted on the paper) represents the normal state of the molecule. 
A crude analogue is a mule—a hybrid between a horse and a doneky— 
which is neither a horse nor a donkey but something intermediate 
between the two, possessing some characters of each. A hybrid may 
also be compared with a green impression formed by printing a blue 
pattern on an identical yellow one; the single green hybrid results 
from the merged yellow and blue patterns. Resonance between two 
(or more, as in the case of naphthalene or anthracene) structures 
corresponding to the same atomic arrangement but to different 
electronic distribution, largely stabilises the molecule. The greater 
strength of the linkages, due to resonance (or mesomerism), is accom- 
panied by a shortening of the bond distance. Each carbon-carbon 
linkage assumes the characteristics similar to those of a double bond, 
each bond between two C-atoms is intermediate in character between 
a single bond and a double bond ; resonance energy (about 88 k. cal.) 
makes it more stable. All the atoms in the molecule are coplanar, 
and the bond angles approach the tetrahedron angles. This agrees 
with the fact that the bond distance between any two adjacent C-atoms 
in benzene (this can be accurately measured) is the same (viz. 1°89 A 
and is intermediate between the values for a single (1°54 A) and a 
double bond (184 A). (Angstrom unit, A,'= 107 cm.). The stability 
of the aromatic nucleus and the absence of ethylene reactivity are thus 
explained. 


Tetra- and di-hydrobenzene, on hydrogenation, yield cyclohexane, 
evolving 28:6 and 55:4 k.cal. of heat respectively. Benzene forms 
cyclohexane liberating only 498 k.cal. and not 858 as expected from 


a simple triene. ‘The difference (86 k.cal.) represents the resonance 
energy that stabilises benzene. 


Thiele (1865-1918), to explain the characteristics of compounds with alter- 
nate single and double bonds (which he named ‘conjugated double bonds’ such 
as -CH=CH-CH=CH-CH=), advanced his theory of partial valency in 1899. 


tS assumed PE TEES linkages of such compounds, the full valency 
orces were not utilised but a portion remain free, whi i indi 
br Told es ce, which he graphically indicated 


-CH=CH- _> -CH=CH- 
{ : 
According to him, in a conjugated system, these partial valencies neutralise 
one another and addition takes place mainly at the end carbon atoms, which 
is an experimental fact. ; 


GH =GH-GH =CH-CH=CH, + 2X —> CH.X-CH =CH-CH=CH-CH,X 


Benzene has conjugated double bonds ; the partial valencies are all 
neutralised by one another. There is no free partial valency and so benzene 
behaves as a stable compound, notwithstanding the unsaturation. 
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Fig. 52.— Benzene with partial valencies neutralised. 


But conjugated double bonds alone do not possibly make 
stable as cyclo-octatetraene (a yellow compound PEE by ED FERRE 
a similar structure, behaves as a typical unsaturated compound (combines with 
HBr, for example, and is readily decomposed or oxidised). Cyclobutadiene, with 
a similar structure, 1s too unstable to be isolated. Doubts were expressed if the 
compound obtained by Willstitter was really cyclo-octatetraene. During. the 
last war cyclo-octatetraene Was manufactured in Germany by polymerising 
acetylene in tetrahydrofuran in presence of ethylene oxide at 80° and 20 
atmospheres pressure. Nickel cyanide was. the catalyst. It is a gold-yellow 
liquid, boiling at 142-43° at atmospheric pressure and is quite stable. It is 
now believed to have a bicyclic structure. The bond lengths in the molecule 
louble bond and 1°54 A for single bond ; the molecule is not, 


are 134 A for dl 
therefore, stabilised by resonance. It does not possess aromatic properties. 


RE CH 
Jae HCE ES /\ 
CH=CH. GH CH HC SEE 

Cyclo-butadiene fi | HC CH—CH 
CH CH 
Vr CH 
NGH=CH (Bicyclic) 
Cyclo-octatetraene 


r of Thiele’s theory is, however, the 


evidence in favou d fe , 
reagents with which ordinary 


diphenylhexatriene to 
ds readily react. 


A strong 
inertness of 
ethylenic compoun 


« S_ CH=CH—CH=CH—CH=CH— 
ES Diphenylhexatriene 


rmula of Kekulé has, therefore, 


ZB). 
D1 


dimensional hexagonal for! : ] 
2 ar the best. Some interesting physical studies support the 


e X-ray crystal analysis of benzene derivatives reveals that the 
S of benzene lie in one plane, while Raman spectra indicate 
molecule and suggest that the ring is 

Parachor A of benzene and its 
EY i the existence of three double bonds and a six- 
derivatives BOs REE idea that the double bonds in benzene are 
en the structures I and IT (p. 828) bas been 
] facts after 60 years. Ortho-xylene, a 
supporte FG like benzene, gives On ozonisation and hydrolysis 
১ C.CHO, (1) methylglyoxal, CH,.CO.CHO, and (fii) 
H.,CO.CO.CH.,. Of these, (§) and (i) can 


] glyoxa ’ পট 
(lS al or diacetyl, CH; 3: 
dimethylglye® ne HUE I and () and (ii) from the other structure 


result from 


d : 
ly oscillating, betwe 
experimenta 
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II but neither alone can possibly furnish all the three fragments. 
Hence 0-xylene (and also benzene) exists in both the forms. 


CH, [E: 
| 
(NCH, {Nes, 
) = {|} 
LA ১ 
I if 
5 VE 
Co Co 
OHC/ CO-CH, ORG  N\co-cH, 
OHC CHO OHC 
NoHo CHO 
Ho 


I 
Generally, a plane hexagon, ৰ্‌ 2 s iS used to represent benzene. 


the facility of remembering the Positions in the ring, the hexagon is some- 
times slightly elongated. 


For 


QUESTIONS 


1. State the evidence on Which the constitution of benzene is based. What 
are the modern views about its constution? (B.A. Degree Exam., 1942, 
“Madras Uni.). 
« 


2. In what way is the strength of the valenc 
affected by the form of the molecule? 
from organic chemistry. (Inst. of Patent). 


3. Compare the properties of benzene with those of hexane and cyclo- 
hexane. 


Y bond between two atoms 
Illustrate your answer by examples 


4. How can pure benzene be obtained synthetically ? 
reactions which distinguish it from aliphatic compounds ? 


5. What are the products of distillation of coal-tar ? How is commercial 
Zene prepared from it? Explain the terms ‘benzo!’ and ‘benzine’. 


6. What is Thiele’s theory of partial valency? Why should the theory 
be not accepted to explain the constitution of benzene? 

7. By what general properties are aromatic compounds distinguished 
from aliphatic compounds? Discuss the merits and demerits of Kekulé's 
formula for benzene. (B.Sc. Pass, 1934, Allahabad Uni.). 

8. Write what you kno 


ক ‘ow about the method of coal-tar distillation and 
the different fractions obtained. (B.Sc. Pass, 1938, Calcutta Uni.). 
9. Discuss the constitution 


of bel s, (BiISC: idi 938, Bombay 
Uni. ; B.Sc. 1943, Benares Hind HSE NLS diary 28 BO 


i u Uni. ; B.Sc. 1947, Nagpur Uni. : B.Sc. 1952, 
Gauhati Uni. ; B.Sc. Pass, 1953, Lucknow Uni). agpur Uni 


What are its typical 


ben: 


CHAPTER XXXL 
THE HOMOLOGUES OF BENZENE 


Benzene and its homologues, the simplest o i 

carbons, are represented by the general Us OR TE 
homologues are alkylbenzenes ; e.g., toluene is Een খু 
CHE CHMIE has no isomer; but ethylbenzene, CsH Hae 2 
(0-, m- and p- stand for ortho-, meta- and para- respectively): 


AE Pa AS AX 
OA OEE 
Ethylbenzene 0-Xylene m-Xylene eel 
P-Xylene 


Toluene, toluol, methylbenzene or phenylmethane, CH,CH,, was 
obtained by the dry distillation of Tolu balsam, whence the name. The 
chief source is, however, the coal-tar distillate (light oil) wherefrom it 
is isolated by fractional distillation. About 0°4 gallon of toluene is 
obtained per ton of coal distilled. It also occurs in some petroleum (e.g. 
in Assam or Borneo oil). Crude petroleum seldom contains more than 
1% of toluene by volume. n-Heptane (from petroleum) passed over 
chromic oxide at 500°, gives toluene. U.S.A. makes toluene also by 

aSsiIng: methylcyclohexane (from petroleum) under pressure over 
molybdena-alumina at 560° to meet the extra demand. In 1955 she a 
made 884 million gallons of toluene, 45% being from petroleum. 
Aromatic hydrocarbons, unlike the aliphatic, dissolve in liquid sulphur 
dioxide or dimethyl sulphate ; this is utilised in petroleum refining. 
Toluene may be obtained by synthetic methods: 

(1) Fittig's method.—When a dry ethereal solution of bromo- or 
iodobenzene and methyl iodide is treated with metallic sodium, toluene 
is formed. Sodium in thin slices 18. added to the ethereal solution, 
with cooling if necessary. The liquid is filtered from the insoluble 
sodium salts, ether evaporated off, and pure toluene obtained by 
fractional distillation. 

C.HsBr + CHI + 2Na = NaBr + Nal+ C,H.CH.. 

Bromobenzene Toluene 
|] method for i of benzene; 
coup can thus be introduced. lodo- and bromo-derivatives 
2 En an chloro-. It is an extension of Wurtz synthesis 
T4) and sometimes রে HE reaction. Here 
i yes the | simultaneously from an alkyl and an 
sodium remo € H-CHs also A Their b.p. Bong widely 


e. 
different, separation is easy. 
EE REE 
ENERO NED 
iedel-Crafts reaction.—Toluene is formed when an excess of 
treated at ordinary temperature with a methyl halide in 


(2) Fri 
f anhydrous, finely powdered AICl,. Halogen hydracid is 


benzene is 
presence 0 
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liberated during the reaction. All reagents must be dry. Methane and 
chlorobenzene, C,H,Cl, do not, however, yield toluene. ‘The reaction 
is reversible; the alkyl group may get detached at high temperature. 
It is not always possible to arrest” the reaction at a desired stage. 
Aliphatic alcohols and olefines may also serve as alkylating agents. 
C. Friedel and J..M. Crafts, working under Wurtz in Paris, discovered 
the reaction in 1877. Recently, benzene has been made to react with 
an alkyl halide under pressure without a catalyst, and some aliphatic 
and alicyclic compounds have been subjected to Friedel-Crafts 


reaction. 
C,H, + CHCl + [AICI] > C.H:CH, + HCI + [AICI] 
Benzene Toluene 


AICI, 
CH, + CJHH.LOH_—— > C.H..C.H, + HO 


AICI, 
CH, + CH, > CH..C.H, 


The product is treated with water and the lighter hydrocarbon 
layer is fractionally distilled to obtain toluene. The method is impor- 
tant and generally employed for the synthesis of other homologues of 
the series. The methyl group may migrate; thus toluene and AICI, 
give benzene and xylene, C,H,(CH,),. 
[AICI] 
C.H.CH, + C,H,Br — > C.HACH.)C.H, + HBr 
Ethylmethylbenzene 
Alkyl halides generally isomerise during the condensation; n-propyl 
halides yield isopropylbenzene with benzene. 


[AICI] 


———> C.HA(C,H.)C,H; + HCI! 
Ethylisopropylbenzene 


CsH.CH; + C,H,CI 
Ethylbenzene  n-Propyl chloride 
Anhydrous AlCl, may be replaced by FeCl 


efficient. With large excess of alkyl halide and by prolonging the reaction, 

di-, tric, etc. alkyl derivatives are formed. Aromatic hydrocarbons react also 

with acid chlorides in presence of AlCl, to form ketones (q.v.). 
The mechanis 


s,s BF, or ZnCl,, but they are less 


L MM of Friedel-Crafts reaction is not yet well established. 
According to a Widely accepted view, AlCl, in the first step forms with the 
alkyl (or acyl) halide a strongly polar complex, R+AICI,_, as an intermediate 
product. Such addition compounds have actually been isolated in several 
cases ; all the four Cl-atoms in the AICI,” ion have also been shown to be 
equivalent. < Electrophilic carbonium ion, R+, now attacks the benzene nucleus 
ন liberation of H+. The latter and AICI combine to yield AICI, 


RCL + AICI, <> R+AICIL- 
Rt + H.C.H, <> C.H.R + H+ 
H+ + AICL-_—> AICI, + HCl 


(8) Toluic acid (0-, m- or p-), on distillation with soda-lime, gives 
toluene as benzoic acid yields benzene. 


C:H.(CH.,)COOH = C,H.CH, + 

Toluic acid its 

(4) Hydroxytoluenes (0-, m- or p-cresol), reduced with zinc dust, 
form toluene (cf., phenol giving benzene, p. 820). The yield is poor. 
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I) C.H(OH)CH; + Zn = C.H..CH; + ZnO. 
ike benzene, coal-tar toluene contains thiot. f i 
C,H,S, which also gives indophenin reaction, ণ PEG টি ES 
Properties.— Toluene is a colourless liqui E 
| fies.— ee iquid (b.p. 110° 
0'869 at 20°) which solidifies at -98°. It is EN Ne abd 
closely resembles benzene in its behaviour. On catalytic hydro. ত 
toluene gives hexahydrotoluene, C.H,,CH,. Unlike been Hs 
homologues are Susceptible to oxidation. Chromic acid or DoE 
ermanganate oxidises toluene directly to benzoic acid; mild OHNE 
agents (e.g-, chromyl chloride) under suitable conditions, produce 
benzaldehyde. Selenium dioxide at 250°-840° converts toluene to 


benzaldehyde and benzoic acid. 
AN 0 (NED DO /\ coor 
Ne 


Toluene Benzaldehyde Benzoic acid 


The alkyl group Or any carbon radical attached to the benzene Ting, is 
known as ‘side-chain.’ Groups such as -OH, -NH:, etc. are not regarded as 
side-chains ; . thus phenol, C.H.OH, or nitrobenzene, C.H,NO:, has no side- 
A side-chain, howéver long, on, oxidation finally becomes a carboxyl 


‘chain. 
EroUup. Thus, ethyl-, butyl- or any alkylbenzene, when oxidised, yields benzoic 
‘acid. The longer the side-chain, the easier to oxidise. 


Passed into toluene in the cold in Presence of halogen-carriers 
like I,, P, Fe, chlorine goes to the benzene nucleus and chlorotoluenes 
(o- and p-) are formed. By prolonging the passage of chlorine, di-, tri-, 

1 behave like chloro- 


etc. chlorotoluenes are Obtained. Chlorotoluenes 
the chlorine atom cannot be replaced -OH, -CN, etc., as 


benzene : 
in alkyl halides (PP- 48-75). There are three monochlorotoluenes: 
A ne CE A 
cl Hs cl 
v-Chlorotoluene cl 2-Cholorotoluene 
(b.p. 156° mn-Chlorotoluene (b.p. 163°) 
(b.p. 150°) 


Led into boiling toluene, it enters the side-chain and replaces the 
hydrogen SE GH One bY OD We thus, get (i) benzyl chloride, 
‘C,H,CH,Cl (isomeric with chlorotoluenes), (a) benzal (or benzylidene) 
chloride, Cs Le and (iti) benzenyl chloride or benzotrichloride, 
CH,CCl,. (CHOBE yl radical, CiH:CH= benzal or benzy- 
lidene and Cs, “C= benzeny). ‘These behave like alkyl halides, the 
H different atoms Or groups such as -OH, 
H (pp. 78-75). Toluene is nitrated more easily than 
Ee . HNO, and 0- and nitrotoluenes are mainly formed ; 
nitration is trinitrotoluene (TNT). 

Similarly, conc. H.S0, gives ortho- and para-toluenesulphonic acids. 

dition compound with chlorine. 


“Toluene forms 10 ad 
Constitution of toluene follows from its preparation from benzene 


or promobenzene—it is methylbenzene. Oxidation of toluene to 


the final 


1S 


Denzoic acid confirms this structure. 
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Uses.—The high explosive, T.N.T. is made from toluene ; other 
nitrotoluenes are used for making some drugs (e.g, novocaine) a 
dyestuffs. Toluene is a good antifreeze (it freezes at —98°) for petro 
and benzene. It is the starting material for saccharin, and also used 
in printing inks. It is a commercial solvent, ‘specially for protective 
coating resins, and also a motor fuel for its high anti-knock property 
(its octane number is more than 100). 


Crum-Brown and Gibson rule.—When toluene is chlorinated in the cold, 
three different chlorotoluenes ought to result but actually we get ortho- 
Para-derivatives but no meta-. If, however, mononitrobenzene 
nitrated, m-dinitrobenzene is chiefly obtained and very littleof the ortho- or 
Para-compound. Crum-Brown and Gibson (1892 


) Suggested an empirical rule 
for the entrance of a.new atom or group into benzene having a substituent X, 
Viz., ঠি 


If the hydrogen compound of X is readily and directly oxidisable to the 
hydrozy-compound, the entering group takes up the meta-position ; otherwise 
it goes to the ortho- and Ppara-positions. 


and 
is further 


For example, as the hydrogen compound of -CH, (i.e., 

be readily and directly oxidised to the hydroxy-compound (i.e., methyl alcohol), 
on nitration, the -NO, Eroup enters the ortho- and Para-positions in toluene. 
Similarly, mono-substituted benzenes having Cl, Br, IL, -NH,, - Or any alkyl 
Eroup, give 0- and p-isomers mainly. On the other hand, nitrobenzene, on 
chlorination, forms m-nitrochlorobenzene i gen compound 
of “NO, can directly be oxidised to the bydroxy-compound. Viz, nitric acid 
HONO.. If any of -NO;,, -CHO, -COOH, -HSO" CN, etc, be already. 
present in the benzene ring, chiefly m-isomers result. It may be noted that 
the latter radicals, unlike the former, contain a double OF a triple bond. o- and 
D-substitutions, as a rule, proceed more easily than m-substitutions. Gn is: 
not explained by the rule. jt 


It predicts the formation of m-nitrochlorobenze 
benzene but not by nitrating chlorobenzene ; o0- 
Obtained in the latter case. Crum-Brown and Gi been a v. 

{ ডু ্‌ $5 2 alu: 
Euide, but is not without exceptions. It is silent about the fi i EE 
derivatives from di-substitution product ng two diffe 
groups. Then again, in‘many cases, all the three di-derivatives EET 
isolated, e.g., benzoic acid, on nitration at 0°, gives 802% ™m-, 18:5% o0- and 
13% P-nitrobenzoic acid. 

Furthermore, the relative Proportions of the di. 
formed have been found to depend not o 


methane) cannot 


-Substituted isomerides. 
nly Upon the substituent a 


Thus, fluorobenzene, 0 
and 


C.H,NH,, on nitration in Presence of a large ONC. 
mainly the meta-compound—which is against Crum-Brown Gio Un 
difficult to decide what is really meant by ‘the hydrogen compound of the 
existing group being directly Oxidisable to its hydroxy-compound.’ For example 
the hydrogen compound of -CH,;, viz., methane, CH,, (in fact, of most other 
groups) can be directly oxidised to the hydroxy-compound, Viz. methyl alcohol. 
CH.OH, under suitable conditions (p. 44). But Crum-Brown Gibson rule is 
based on its not being directly oxidisable. 


Hammick and Tlingworth’s rule (1930), also empirical, states : 
mono-substituted benzene, CsH,-XY (XY representing a radical of 


1ons. Aniline, 


If in the 
two ele- 
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ments, X being directly linked to the benzene ring), Y be i i 
in the periodic table than X, or if Y has a lower at wt. thane x EE AREY 
belong to the same group), a meta-derivative is obtained when an SE 
radical enters the ring. In other cases: including that in which a sin: ER ত 
is present in place of , 0- and P-isomers are formed. Thus DICE oe 
(N in group V, and O in group V]), on further nitration, gives HERS 
dinitrobenzene ; cyanobenzene, C.H,-CN, for the same reason gives, on chlo i 
tion, m-chlorocyanobenzene. Toluene. on the other hand, vields o- ন 

o Vorlinder, if X of C,H.X is electro-positive, Hit 


P-nitrotoluene. According to I 
is meta-directing while negative groups are 90- and P-directing. 
substitution is based on the electrical character 


Electronic theory of 
of chemical bonds, which is now an established fact. Benzene with 
‘three double bonds’ isa special type of polyene ; it is nucleophilic and 
hich attack the benzene nucleus 


reacts with electrophilic reagents ; 
preferentially at the positions of highest electron density. A substituent 


X, already present in the benzene nucleus, may bring about a change 
in electron density in the ring either (5) by releasing electrons from 
itself towards the ring or (ii) by attracting electrons from the benzene 
ring towards itself. In case (i), the electron density in the benzene 
Ducleus. as! a Whole 1S Brean than normal, and consequently, CsH5X 

facilitating further substitution. 


becomes more reactive than benzene, 
For instance, nitration of toluene, CiH;CH., proceeds nearly 14 times 


faster than that of benzene. Due to the unsaturated nature of the 
benzene nucleus and polarisation of the double bonds, the points of 
density are tHelodTan dp Positions as indicated below: 


high electron 
X+ X+ 

x XxX [] || Re 

WY AN AN ADS ON 

AEE UU 

NN 7 NN A MA EA NN 

j ji II IV MM 
actual Structure OFLC 15a resonance hybrid of the 
The actua ETN CHsX has a small negative charge at Bek 
osition. In addition to the 


also at the PP 
sity at any of these three positions may 


he demand of the attacking electrophilic reagent. As 
RE ‘these. positions.. The common o0- and 
SU -( -( -N 
} i ting groups an AE s» “NH, halogens, -OR, 
prdirec 5 OCOR, etc. These are saturated or only weakly 
NR, ; A 

“NHR, -C 72d except the methyl group, in all cases the atom directly 
unsaturate carbon ©! the benzene TINg, has at least one lone pair 
a double bond between X and carbon in the 
red electron pair available at the o- and 
ring an! m ce -CH, group, being electropositive, pushes electrons 
positions. inductive mechanism : these pile up at the o- and 
e e HEE having unshared 

ন s mM he electrons to the 0- and p-positi 
position: ll su jy the টী BC ons b 
Jectively SUPP) en the attacking electrophilic Been 
tronecative, attract electrons towards 


W 

ec 

electromer! BE rongly elec 

cing SttOT DS. z - - f 
[o by inductive mechanism—this results 


demands. ঢা positions in the ring 


atoms are 
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in the deactivation of the benzene nucleus. Further substitution is 
RCA much more difficult than in the case of benzene. 
In case (ii), the substituent X pulls electrons, like halogens, from all 


positions in the ring. Consequently, the benzene nucleus is deactivated, 
making further substitution more difficult. The electrons are, however, 


withdrawn selectively from o- and P-Ppositions as shown below, leaving 
the m-position practically unaffected, which thus becomes a position 
of relatively high electron density.  Electrophilic Tcagents, therefore, 
enter the m-position. 
X i 2 ডল 
) 
VA LK AA VANES AN + /\ 
Et Oe Ae 
A A A / / 
I 1 I IV Vv 


The actual state of C.HX is a hybrid 0’ 
LV, the o- and P-Positions have small positive charges 


21 meta-directing 

Sroups are -CHO, NO,, -CN, -SO.H -COOH, .CONH 5 
H 

of them are Strongly unsaturated or contai 

linked to a carbon in the benzene ring. 

Xylenes, C.H,(CH,),. The dimethylbenzenes, 


| ylene i called xylenes, are 
isomeric with ethylbenzene. C,H, , represents four hydrocarbons: 


f ) CH, NCH, Nan, ) © 
Ses ON HC \ 
9-Xylene fr P-Xylene Ethylbenzene 
(b.p. 142°) m-Xylene (b.p. 137°) (b.p. 136°) 
(b.p. 139°) 


The xylenes occur together, alon 
the light oil fraction of coal-tar distill. 
by fractional distillation. A ton of coal yields about 0° 


sodium salts are acidified and hydroly, Pressure separately : 
0- and m-xylenes are thus recovered. Hot, dilute HNO, oxidi Parately ; 
P-Xylene to toluic acids much more readily than টন 
Of m-xylene is thus Possible. Commercial co 
the three, the m-compound Predominating 
Xylene is also richest in the M-isomer. Pure x 
by synthetic methods: 

(1) 0-, m- and p-xylenes may be 
0-, m- and p-bromotoluenes respective] 
in the same Way as toluene is 0 


€ meta. Separation 
al-tar xylene contains all 
(about 10%). Petroleum 
Ylenes are better obtained 


Prepared by Fittig’s method from 


lvely with methyl iodide and sodium, 
btained from bromobenzene (P. 827). 
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CH..C.H..IBr + 2Na + IJCH, = CH..C,H..CH, + NaBr + Nal. 
Bromotoluene Xylene 


(2) Meta-xylene is conveniently prepared from mesitylene (p. 189) 
by oxidation to mesitylenic acid and decarboxylation with soda-lime. 


H.C ( ] CH, p HC (5 COOH. Sogulime HC 
| 0 


==> >? 
distilled ১% 
CH, CH, CH, 
Mesitylene Mesitylenic acid m-Xylene 


Properties.—Xylenes are colourless, inflammable liquids, closely 
resembling toluene. They are immiscible with water, and volatile in 
stcam. Halogens react with them in the same way as with toluene. 
Conc. HNO, nitrates, and conc. H,SO, sulphonates them. Xylenes differ 
in their behaviour towards strong H,SO, (mentioned above) and oxidis- 
ing agents. Hot and dilute HNO, oxidises xylenes to monocarboxylic 
acids—the toluic acids—one of the methyl groups becoming a -COOH 
group; m-xylene is less readily attacked than the other two. On 
further oxidation, say, with pot. permanganate phthalic acids result. 


fe । COOH J Al COOH f ‘| COOH 
NS COOH HOOC NYS 
Phthalic acid COOH Terephtbalic acid 


Isophthalic acid 

Chromic acid, however, oxidises p- and m-xylene directly to 
phthalic acids, and the o-compound to carbon dioxide and water. The 
methyl groups in the o-position are difficult to oxidise. Two -COOH 
groups in the final oxidation product indicate two side-chains in the 
xylenes. .Ethylbenzene gives benzoic acid, C,H;COOH, on oxidation. 
For technical purposes, the mixture of xylenes is usually employed in 
the preparation of lacquer, as solvent for rubber, and motor fuel. Dyes 
are made from their amino-derivatives. 

Identification.—o-Xylene gives, on oxidation, phthalic acid which 
readily forms the anhydride ; iso- and terephthalic acids do not form 
anhydrides. o-Xylene can thus be identified. m-Xylene alone is 
obtained from symmetrical mesitylene. So it is known from synthesis. 
P-Xylene is identified by the elimination of 0- and m-isomers. The 
xylenes can also be identified by their formation from o0-, m- and 
p-bromotoluenes or by Korner’s methed (p. 8384). 

Ethylbenzene, C;H,C.H;, a colourless liquid (b.p. 186°), also 
occurs in coal-tar, but only to a small extent. It may be prepared 
either by Fittig’s method from ‘bromobenzene and ethyl iodide, or 
by Friedel-Crafts’ reaction from benzene and ethyl bromide. The 
industrial method uses benzene and ethylene at 100° under pressure. 
Chromic acid oxidises it to benzoic acid, but the isomeric xylenes to 
phthalic acids. Ethylbenzene is catalytically dehydrogenated to 
styrene, C.H,CH=CH,, a material for synthetic rubber. 


C,H, represents eight isomers viz. three trimethylbenzenes, three 
methylethylbenzenes, one propyl- and one iso-propylbenzene or cumene. 
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5 i is formed by the 
itylene, sym. trimethylbenzene, C,H,(CH,),, is ed by 
deh RE Ole rN with conc. H,SO, (p. 189). It occurs in COalTAr 
in nl quantities. It is a colourless, sweet-smelling liquid (b.p. 164-5°), 
volatile in steam. On oxidation with dilute HNO,, the methyl groups 
are successively converted into carboxyl groups, and finally, trimesic 
acid is formed: 


(6) 
লৈ NA 
f COOH COOH 


FEN CH H.C N co.H H.C (ce N co.H 0 FOC ) CO,H 
[6] 
2 UU UU = 
CH; ee . . ক 
Mesitylene Mesitylenic acid Uvitic acid Trimesic acid 


These acids form m-xylene, toluene and benzene respectively on 
distillation with soda-lime. Mesitylene resembles the xylenes in its 
properties ; its constitution follows from its synthesis from acetone 


(p. 189). 


b-Cymene, p-methylisopropylbenzene, CH,.C,H,.CH(CH,),, is pre- 
sent in some essential oils such as oil of cumin, oil of thyme and 
some eucalyptus oils. It is commercially obtained from oil of turpen- 
tine, and is also formed when camphor is dehydrated with phosphorus 
pentoxide. Pinene, the main constituent of turpentine oil, on heating 


with iodine or conc. H,SO,, also gives p-cymene. Itis a bye-product of 
spruce wood pulp industry. 


CioHi,O = CH; + HO. CH, + O = C,H, + H.0. 
Camphor #-Cymene Pinene ?-Cymene 


P-Cymene is a Pleasant-smelling liquid (b.p. 175°) which, on oxida- 
tion, gives p-toluic and finally, terephthalic acid. This shows that two 
alkyl radicals are Present in para-position. The structure of P-cymene, 


Which follows from its synthesis, is CH, NS CH(CH,),. m-Cymene 
Occurs in light resin oil and Some terpene 
Orientation. —Benzene, as already mentioned, forms three di- 
substituted derivatives, viz., 0-, m- and P-; the isomerism is due to 
different Positions Occupied by the substituents. 
relative Positions of groups or atoms in the nucleus is known as 
orientation (orienté, situated). This is done either by referring the 
compound to, or transform Substances whose substituted 
Positions are known, or by Kérner’s absolute method Of orientation 
(1874). The first we have discussed in connection with the identifica- 
Here we require some substances of known 
OWN compound can be Obtained from, or 
(which is Senerally, but not invari 
tuents retain their relati 


many or 
constitution, it is no problem to find a 


the position was different at th 
Korner’s method is based o. 
converted into a tri-substituted 


5. 
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hydrogen (by a similar or dissimilar substituent), the number of such 
tri-derivatives is different in the three cases. The ortho-compound gives 
two-, the meta- yields three, and the para- only one CEHEOEEN aE 
Hence from the number of these tri-derivatives, it is possible to identify 
the isomers. The ortho-di-derivative of benzene, CsH,X,, can give the 
following tri-derivatives: ও 


X X X X 
ANS (Nx /\Nx A X ANS 
EOLA IE 

A ১ SA NE 
Ortho- 12023:3, 1:2:4 1:25: 1:2:6 


1:2:8 and 1:2:6 are identical as also 1:2:4 and 1:2:5. Hence 
it actually gives only two tri-derivatives. Similarly, the meta-compound 
can form the derivatives shown below, of which 1:8:4 and 1:8:6 are 


X X X X X 
a ANS AN td XN 
UE Ll ses Loe oe 
Fo ANS 4 4% S25 
Meta- 13530:12 U3 54 UR) 1;:310.6 


identical. Hence it gives three tri-substituted derivatives. The four 
possible substitutions in the para-compound make one and the same 
tri-derivative. 


XxX Xx 
AR (on A a ES 
0) J a) 
NA NA A ১% NY 
X xX X xX 5 
Para- 1:4:2 {403 1:14:35 1: 4:6 


The rule also holds good if the new entrant is different from the 
substituents already present. Altogether we get six different tri-deriva- 
tives in this case, while if all the substituents are identical, we have 


only three. 

Though Korner’'s method is theoretically conclusive, in actual practice all 
the tri-derivatives may not be possible to prepare directly, owing to the directing 
influence of the substituents already present (Dp. 330) ; the yield of some of them 
may be poor enough to escape detection. It is sometimes convenient to follow 
the converse of Korner’s method, which is also true. Thus three diamino- 
benzenes (0-, m- and 7-) are obtained by the removal of the carboxyl group 
on distilling the six diaminobenzoic acids, C,H.(NH:),.COOH, with soda-lime. 
The diaminobenzene from three is the meta-compound, that obtained from two 
is the ortho- whilst para-diaminobenzene results from only one diaminobenzoic 
acid. 

The same method is applicable to the orientation of tri-substituted 
derivatives as well. If the substituents are not different, the 1:2:8- 
compound gives two, 1:8:4 gives three, and 1:8:5 only one tetra- 
derivative. The reverse procedure may also be adopted, if necessary. 
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Isomerism.—Compounds which have the same molecular formula 


but differ at least in: one physical or chemical property. are called 
isomers (p. 46). The crystalline forms of allocinnamic acid (q.v.) melt- 


ing at 82°, 42°, 58° and 68°, which give identical solutions, are, how- 
ever, regarded as polymorphic rather than isomeric. These consist of 
identical molecules packed into the crystal in four different ways. Iso- 
merism, as we have seen, is due to different arrangement of the consti- 
tuent atoms in the molecule, i.e., isomers have different structure or 
constitution. This kind of isomerism, known as simple structural 
isomerism, may be sub-divided into three groups ; the difference between 
such isomers is obvious from their structural formulas: 


(i) Nuclear or chain isomerism which arises from a difference in 
the arrangement of the carbon atoms in the carbon chain. e.g., 
CH..CH..CH..CH, and CH,.CH(CH;,).CH, 
n-Butane Iso-butane 
(fi) Position isomerism in which the carbon skeleton or nucleus 
remains intact but the substituent group or atom occupies different 
positions with respect to the skeleton or nucleus, e.g., 


CH..CH..CH.OH and CH;.CH(OH).CH;, 
n-Propyl alcohol 1s0-propyl alcohol 


CH, CH. CH. 
Sl Eeredte eeet a8) 0 
NSA NTA RNS 
0-Chlorotoluene m-Chlorotoluene Cl 
@-Chlorotoluene 


(iit) Functional group isomerism which is exhibited by compounds 
having the same molecular formula but different functional groups, t.e., 
they belong to different homologous series, e.g, 

CH;.CH.OH and CH;,.O.CH, * ,CH,.CO.CH, and CH;.CH..CHO 

Ethyl alcohol Dimethyl ether Acetone Propionaldehyde 

Metamerism (p. 128) stands for functional group isomerism within 
the same homologous series; e.g., diethyl ether, C,H,.O.C,H;, and 
methyl propyl ether, CH,.O.C,H;, are metameric. 

Tautomerism or dynamic isomerism (p. 198) is a special case of 
functional group isomerism. Here generally a hydrogen 2tom migrates 
from one carbon to another with a change in the distribution of valence 
bonds. Such change is usually rapid and also reversible, e.g., 

CH,CO.CH..COO.C,}H; <=> CH..C(0H)=CH.COO.C,H, 
Keto-form Enol-form pe 


Acetoacetic ester 


Isomerism is also possible amongst compounds having the same 
molecular formula, the same functional groups and also the same 
structure but a different configuration, 1.e., the isomers have different 
three-dimensional space arrangement of the atoms or groups within 


the molecule. This is called stereoisomerism or space isomerism, it 
et ly 
may be exhibited in two ways: 
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(i) Optical isomerism (p. 191) which is exhibited by compounds 
having an asymmetric structure. The isomers have different action 
on polarised light but possess identical physical and chemical pro- 
pertics, e.g., the three lactic acids (d-, L- and dL), CH,.CH(OH).COOH. 


(ti) Geometrical or cis-trans isomerism (p. 250) which arises out 
of restricted rotation in the molecule due to a double bond to which 
are: attached dissymmetric groups, or due to cyclic structures. In 
geometrical isomers, the atoms forming the molecule are similarly linked 
to one another but some of the atoms in one isomer lie further apart 
than the corresponding atoms in the other. In co-planar ring compounds 
such as benzene hexachloride, C;H,Cl,, (Pp. 820) geometrical isomerism 
is possible because free rotation about cyclic single bonds is difficult 
or impossible owing to the strain involved therein, the structure being 
more or less rigid. The isomers have quite different properties (vide 
Pp. 249), and may be optically active if they contain asymmetric carbon 
atom and have no plane of symmetry e.g., cyclopropane-1:2-dicarboxylic 
acid occurs in d- and l-forms. Examples are 


H-C-—-COOH H-—-C-—-COOH 
||| and ||| 

H-C-—-COOH ‘ HOOC-C-—H 

Maleic acid Fumaric acid 


and ‘also benzene hexachlorides and inositols (p. 318). More than one 
spatial representation is not possible in the case of acetylene deriva- 
tives such as R.C=SC.R (in which the two tetrahedra are placed face 
to face). Such compounds are incapable of exhibiting Cis-trans 
1SOMer1ismMm. 


Isomerism 
Ny [ 
Structural isomerism Stereoisomerism 
hd Y 
Nuclear or Position isomerism Functional 
chain isomerism group isomerism 
iy + 


Optical isomerism Geometrical or 


cis-trans iso- 
‘merism 
In the theory of chemical structure, it is implied that the 
different atoms in the molecule of an organic compound have an 
arrangement which is definite and unalterable; otherwise isomerism 


could not occur. 


QUESTIONS 


1. What do you understand by the term ‘Orientation’? Explain with 
the aid of examples how this has been carried out in the case of di- and tri- 
substitution products of benzene. B.Sc. Degree Exam., 1942, Travancore Uni. 


22 
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2. What are the common methods of preparation of aromatic hydro- 
carbons? Enumerate the reactions in which they differ from aliphatic ones. 


3. Explain one method of determining the positions of the: substituents 
tn the disubstitution products of benzene. B.Sc. London, 1923 ; .B,Sc.. 1947, 
Nagpur Uni. ৰ 
. 4. Give the different possible structures for the aro 
C,H;,.. How can the correct configuration be determined? 


5. What evidence is there to justify the assumption that the six. hydrogen 
atoms in benzene are equivalent? B.Sc., Pass, 1935, Calcutta Uni. 


+. 6. You are given a sample of di-chloro-benzene. How would you find 
Out whether it is an ortho-, meta- or a para-compound? B.Sc, ‘Pass, 1933, 
Dacca Uni. 


matic. hydrocarbon 


7. In the preparation of a di-derivative of benzene from a mono- 
derivative, what factors determine the position to be taken up by the riewly 
entering group? How would vou proceed to determine the nature of a di 
derivative of benzene? B.Sc. Pass, 1937, Dacca Uni. ্ 


8. How would you proceed to determine the orientati 
the isomeric xylenes? Explain fully the principle involved. 


9. Write a short essay on the orienting effect of a Eroup on aromatic 
substitution. B.Sc. (Principal Chemistry) 1941, Bombay Uni.; A. I. C." 1940. 
10. Describe the methods of orientation of disub 


AS B.Sc. Pass, 1951, Rajasthan Uni. 
ni. 


on 6f groups in 


stituted products of 
3} B.Sc. Degree Exam., 1941, Madras 
Il. Classify the various kinds of isomerism in or 
ing the special" feature of each type. B.Sc. Pass, 
1952, Agra Uni. and Nagpur Uni. 


12. Explain clearly tautomerism and ive three examples with. important 
cvidence. B.Sc. Pass, Agra Uni. 1950. Aes 


ganic chemistry, mention- 
1949, Lucknow Uni. ¢ BSC, 


Ee MEd Ams EEE 


) CHAPTER XXXII 
ns AROMATIC HALOGEN COMPOUNDS 


Benzene forms, as already mentioned, both addition and sub- 
stitution products with halogens. Additive compounds result when 
benzene, mixed with chlorine or bromine, is exposed to sunlight. Finally 
we get benzene hexachloride, C,H,Cl,, or hexabromide, C,H,Br,. These 
are unstable. Fluorine decomposes the hydrocarbon, and iodine reacts 
with it only in presence of an oxidising agent. In aromatic halogen- 
substituted compounds, the halogen may be (i) in the side-chain, or 
(1) in the ring. The hydrogen in a side-chain may be replaced by 
chlorine (or bromine) by passing it into the boiling hydrocarbon prefer- 
ably in sunlight. All the hydrogen of -CH, in toluene can thus be 
replaced ; the products behave like alkyi halides. Proximity of the 
benzene ring, however, makes the chlorine in the side-chain more 
mobile. 

Cl. Cl, Cl, 
CsH:CH, —> . C,H,CH,Cl —> C.H,CHCl, > CGC,H,CCl, 
Toluene Benzyl chloride Benzal chloride Benzotrichloride 

Compounds with halogen in the nucleus are more important. 
“They are called aryl halides. Unlike alkyl halides, they are usually 
made from aromatic hydrocarbons directly, and seldom from the 
corresponding hydroxy-compounds. 


Preparation.—(i) One or more hydrogen atoms of the nucleus may 
he replaced by chlorine or bromine by treating benzene at ordinary 
temperature in presence of a catalyst such as Fe, I,, etc. called ‘halogen 
carriers’. Iodine derivatives in good yield are obtained at high tem- 
perature and in presence of an oxidising agent such as iodic acid; 
mercuric oxide, nitric acid, etc. 5 these decompose the hydriodic acid 
formed (cf., iodination of paraffins, p. 71). If the ring has already 
a substituent, the position taken by the halogen is determined by the 
substitution rule (p. 830). When sulphuryl chloride, SO,Cl,, in presence 
of AlCl, is employed at room temperature, chlorine enters the nucleus 
of benzene and its homologues ; in presence of hydrogen peroxide, 
fowever, it goes to the side-chain. 

> CHCl + HCI C.H,CH, + Cl, —> GIHA(CH)CI + Hol 
Boi দা Chlorobenzene Toluene 0- and ERS ES 
AICI, 
CH, + SO,Cl. —~> C.H.Cl + SO; + HCI 


(a) Hydroxybenzene (phenol) when treated with PCl, or PBr, 
wives chloro- or bromobenzene (cf., formation of alkyl halides from 
alcohol, p: 71). The method is costly, and the yield poor due to forma- 
zion of triphenyl phosphate, (C,H), PO, mainly. 


C,H.OH + PCI, = C.H;Cl + POCI, + HCl. 
Hydroxybenzene  Chlorobenzene 


The hydroxyl in the side-chain may be replaced likewise: 
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C:H..CH-OH + PCI, = C,H..CH.CI + POCI, + HCI. 
Benzyl alcohol Benzyl chloride 
(1) Diazobenzene salts (q.v.) readily yield halogenated benzenes 
on suitable treatment. Iodobenzene is thus conveniently obtained. 


CsH.N.Cl + KI = CHI + N, + KCI. 
Diszobenzene chloride Todobenzene 
(tw) Halogenated acids, heated with soda-lime, give halogenated 
hydrocarbons ; benzoic acid likewise gives benzene. 


C:H.(CI)COOH + CaO = C,H.Cl + CaCo.. 
Chlorobenzoic acid Chlorobenzene 


Properties.—The aryl halides are colourless liquids or solids 
Which distil without decomposition. They are soluble in alcohol 
and ether but insoluble in, and heavier than, water ; many are volatile 
in steam. The b.p. and sp. Sr. of monohalogen derivatives of benzene 
(which are all liquids) gradually Increase from fluoro- to iodo-benzene. 
Compounds with halogen in the nucleus differ considerably in their 
properties from those having the halogen in the side-chain. ‘The latter 

SSess an irritating smell, and behave like alkyl halides, the halogen 
cing readily replaceable by -SH, -CN, “NH,, -OH, etc, groups 
(PP. 74, 75). “For example, 
CsH,CH.CL + KCN = C;H.CH.CN + KCI. 
Benzyl chloride Benzyl cyanide 

But the halogen in the ring is more firm! 
easily be replaced. Thus chlorobenzene gives 
aqueous caustic soda under pressure at 300° 
Ammonia at 200° under Pressure in presence 


yY bound and cannot 
Phenol on heating with 
» And forms aniline with 
of cuprous oxide: 


CHCl + NaOH = C.H.OH + Nacl. 
Phenol 


2C.H.Cl + 2NH, + CuO = 2C,H,NH, + 2CuCl + HO. 
Aniline 
The relative inactivity of these aryl i 
involving unshared 


With sodium and alkyl halide it m b Jac f 
group (Wurtz-Fittig Reaction). Ay be replaced by an alkyt 


CHCl + 2Na + CH,Cl = 


C;H.CH, 
Chlorobenzene + 2Nacl. 


oluene 
Aryl cyanides may be obtained by h 


Es eating aryl ; - 
anhydrous cuprous cyanide at about 200° SUT! bromides with 


in presence of Pyridine. 
CsH;Br + CUCN —> C,HLON + CuBr 


An aryl halide in ether solution reacts With sodium to 
diphenyl (cf., formation of butane from ethyl iodide, P- 74). 


C;HilBr + 2Na + BrlC.H, = CsH;—-CH, + 2NaBr. 
Dipheny1 


give 
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Aryl bromides and iodides but not chlorides form Grignard 
reagent such as phenyl magnesium bromide, CH,.Mg.Br, which 
behaves like alkyl magnesium halides and is of considerable synthetic 
value. Nickel-aluminium alloy in presence of caustic soda reduces an 
aryl halide to the parent hydrocarbon: 


CHCl + 2H —> CH. + HCI 

Preparation of chlorobenzene.—Benzene, mixed with a little iron Powder, 
is taken in a flask fitted with a reflux condenser and an inlet tube for the 
Passage of chlorine. It is heated to 60° on a water-bath and dry chlorine is 
Passed into benzene until the increase in Weight corresponds to the eritrance of 
one Cl atom. The liquid is treated with dilute NaOH solution to remove the 
excess chlorine and HCl formed. It is dehydrated with CaCl, and fractionally 
distilled. The fraction coming between 130°-135° is collected. Chlorobenzene 
is technically made in this way. 

Chlorobenzene is also manufactured from 
benzene, air and hydrochloric acid by the 
Raschig process (p. 387). Oxidation of HCl by 
air in presence of CuCl, to chlorine, and chlori- 
nation of benzene by the liberated chlorine are 
combined in one step at 280°, 


C,H, + HCl + 20, —> CHCl + H.0. 


Chlorobenzene is a colourless heavy (sp. gr. 
1128) liquid (b.p. 182°) with a pleasant smell. 
It is insoluble in water, but soluble in ether 
and alcohol. With conc. H,SO,, it gives 
0- and p-chlorosulphonic acid. And on nitra- 
tion, it is converted into o- and p-nitrochloro- 
benzene. The chlorine in chlorobenzene is 
difficult to replace (p. 840). At about 40° in 
an inert atmosphere, sodium and chloro- 
benzene form phenylsodium, C;H,Na. Chloro- 
benzene is mostly used for making synthetic 
phenol, aniline and D.D.T. U.S.A. made 486 
million lb. of it in 1955. 

Bromobenzene, phenyl bromide, C,H,Br, 
is made similarly by adding, drop by drop, Fig. 53. Preparation of 
the required bromine (160 g) to benzene (78 £), bromobenzene. 
containing a little iron powder (2 g) and puri- 
fied by distillation. It can also be prepared by the general methods (PP. 
889-40). Bromobenzene is a colourless, heavy (sp. Sr. 149 at 20°) liquid 
(b.p. 155°), resembling chlorobenzene in its behaviour. It is, however. 
more reactive. Magnesium ribbon dissolves in ethereal solution of 
bromobenzene if everything is absolutely dry, and forms Phenyl magne- 
sium bromide or Grignard reagent. 

Todobenzene, phenyl iodide, CHI, may be obtained by heat- 
ingina sealed tube iodine, benzene and nitric acid. It is more easily 
repared by warming an aqueous solution of diazobenzene chloride 
Ah potassium iodide, and purified by steam distillation (Pp. 840). 


6C.H. + 31, + 2HNO, = 6C.H.I + 4H.0 + 2NO. 
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Jodobenzene is a colourless, heavy liquid (Sp. gr. 1861), boiling 
at 188°. It is more reactive than chloro- or bromo-benzene (cf., reac- 
tivity of alkyl iodides, pp. 74, 75). 


Todobenzene, in cold chloroform solution, forms with dry chlorine yellow 
crystals of iodobenzene dichloride, C.H.I:Cl.. It gives  iodosobenzene, 
CsH,I:O, with dilute NaOH. Ilodosobenzene suffers autoxidation, on steam 
distillation, giving iodoxybenzene, C.H.IO., and: iodobenzene : 


2C.H.IO = C,H.I + C.H.IO.. 


Chlorotoluenes, tolyl chlorides, CsH,(CH,)ClL— There are three 
isomeric chlorotoluenes (0-, m- and P-). The ortho- and para- 
compounds (but not the meta-) are obtained by the direct chlorina- 
tion of cold toluene in Presence of a halogen Carrier ; meta-chloro- 


toluene is prepared from meta-toluidine. Activation of the benzene 
ring by the methyl group facilitates chlorination. 


Diazo CH.CH CuCl, 
CH..C.H. NH, — > CH, N.C1 = 
m-Toluidine k reaction ™m-Toluene-dia- GHLGeHCI 


in HCI m- 
zZonium chloride AOU 


Chlorotoluenes are heavy, colourless and Pleasant-smelling liquids 
heavier than, and immiscible with, water. In Physical and Cherie 
Properties, they resemble chlorobenzenes. Potassium Permanganate Br 
dichromate readily oxidises them to corresponding chlorobenzoic acids 
Bromotoluenes have similar Properties. ন 


Benzyl chloride, C;H;.CH,Cl, isomeric with ১5’ 
has the halogen in the side-chain. It is ET, CE 
dry chlorine £as into boiling toluene until the theoretical S' r. (or 
fain in weight) is reached. Unlike the direct chlorination UT 
(Pp. 48), this can be controlled so as to Obtain any of the three lo ৰ 
The reaction is accelerated by ultraviolet light. Benzyl a rd 
(b.p. 179°) is separated from the unchanged toluene Bi DSRS 
fractional distillation. Benzene, formaldeb a ) 


yde and HCl res ‘ 
80° in presence of ZnCl, or H,PO, to form benzyl chloride, IH 


C,H..CH, + Cl. = C.H..CH.C! + HCl. 
Toluene Benzyl chloride 
C,H, + HCHO + HCI = C,H,CH.Cl + H.0. 


It is a colourless liquid with an unpleasant smell ; the Vapour attacks 
the eyes. Itis insoluble in water, but dissolves in Most organic solvents. 
Like an alkyl halide, benzyl chloride produces benzyl alcohol on 
hydrolysis, benzyl cyanide with potassium cyanide, benzylamine with 


ammonia, and so on (cf, ethyl iodide, pp. 74, 75), but at a much faster 
rate (cf. chlorotoluenes) 


2C,H,CH.C! + K,CO, + H.0 = 2C,H.CH.OH + CO, 4+ 2KC1. 
Benzyl chloride Benzyl alcoho! 


C.H..CH.Cl + NH, = C.H.CH.NH, + HCI. 
Benzylamine 


C.H..CH.C! + KCN = CsH..CH.CN + KCI. 
Benzyl cyanide 
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Benzyl chloride forms with concentrated nitric acid isomeric nitra= 
benzyl chlorides, C;H,(NO,)CH,Cl, a hydrogen in the ring being 
substituted by a nitro group. It gives dibenzyl when heated with copper 
powder (cf. formation of ethane from methyl iodide, p. 44). 

C.H..CH.|Cl + Cu + CHCH..C;H, = CuCl. + C,H,CH,.CH.C,H.. 

Benzyl chloride Dibenzyl 

Alkaline pot. permanganate oxidises benzyl chloride to benzoic acid, 
CH,COOH ; it can, therefore, be distinguished from the isomeric 
chlorotoluenes which form chlorobenzoic acids, CH ,(Cl).COOH. Heated 
with cupric or lead nitrate, it is oxidised to benzaldehyde: 


C.H..CH.Cl + O = CH..CHO + HCI. 
Benzyl chloride Benzaldehyde 


Benzyl chloride is chiefly employed for making benzyl alcohol. 
Benzyl bromide has similar properties ; it was used as a ‘poison gas’ in 
the war of 1914-18. 


Benzal chloride, benzylidene chloride, C,H,CHOCIl,, may be pre- 
pared by the action of PCl; on benzaldehyde (cf., formation of ethy!- 
idene chloride from acetaldehyde, p. 129). ‘It is manufactured by 
passing dry chlorine into boiling toluene until the required increase 
In weight is attained. 


C;H.CHO + PCI, = C;H..CHC!, + POC!I.. 
Benzaldehyde Benzal chloride 


Benzal chloride is a colourless liquid (b.p. 206°) behaving as an 
alkylene halide (with two halogen atoms linked to the same C atom! 
and as an aromatic compound. Like benzyl chloride it provokes tears, 
It ‘is hydrolysed by milk of lime to benzaldehyde. Benzaldehyde is 
thus commercially made. 


C,H;,.CHCI, + Ca(OH). = C:H..CHO ‘+ H.O + CacCl.. 
Benzal chloride Benzaldehyde 


Heated with sodium acetate, benzal chloride forms cinnamic acid: 


CH,CHICE + HEICH.COONa = CLH,CH=CHCOOH + NaCl + HCI. 
Benzal chloride Sodium acetate Cinnamic acid J 

Benzotrichloride, phenylchloroform, CH,CCl,, is the final pro- 
duct of chlorination of boiling toluene ; chlorine is passed until there 
is no further increase in weight. Benzotrichloride boils at 213°, and os 
hydrol sis with milk of lime or steam under pressure, readily gives 
Bl EY acid (cf. hydrolysis of chloroform, p. 19). It is a commerciat 
PE ]. Close proximity of the benzene ring to the methyl carbon 
DET ite the removal of chlorine (p. 889); chloroform is rather 


resistant towards alkalis. 
C,H..CCl, + 3H.0 —> C;H..C(OH); —> C.H..COOH + H.0 
“Benzotrichloride BEnRZOie gcd 


রি ene, CHCl, (b.p 179°) is a useful contact insecticide; 
ৰ DITO protects cabinet work against wood-borihng Insects. It 
mixed i blues oxides of non-ferrous metals and is employed in cleaning 
readily diss Kel articles. 2-Dichlorobenzene (m.p. 56°) is a moth repellent 


err is also a fumigant, germicide and deodorant. Chlorobenzene, 
or - 
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on further chlorination, gives 0- and -dichloro! 


benzene which are also Obtained 
as bye-products in the manufacture of chlorobenzene. 


Di lj -trichloroethane or D.D.T., CCl,.-CH(C,H.Cl)., is a 
TEER EE by condensing chlorobenzene and chloral at 
ES Page in presence of H.SO,) practically odourless and Temarkably persistent. 
Le extensively used during the last war for controlling typhus and malaria 
te De killing lice and mosquitoes Tespectively. But insects can. develop 
ও te to it. A bed sprayed with D.D.T. remains fatal to lice even after 
68a UNderaEs. The compound was first prepared by Zeidler in 1874; Miller 
in 1939 showed it to be an insecticide. 


- Mechanism of substitution.—Formation of 
i the addition-elimination theory whic 
EAS i enzene followed by the 
i Troved untenable and bee! | 
SHES Fe and the halogen, say bromine, form FeBr, which with a 
bromine molecule gives a bromoni » and FeBr.,. 


bonium ion 
and the aromatic Ting restored. The proton 
regenerates the catalyst and the cycle repeats. 
Br, + FeBr, <>? FeBr, + Br+ 
তি slow A fast FS 
| |= TBS fl +H 
NZ 1 \H SS 


H+ + FeBr, —> HBr “-FCBr, 


QUESTIONS 

1. What important differences are exhibited by Substitutions 
atom in the side-chain and in the nucleus of an aromatic hb: 

2. Name the isomers having the formula C;HiBr. How Would you 
distinguish them ? 

3. Explain the behaviour of chlorine towards the following hydro- 
carbons : (i) methane, (ii) acetylene, (iii) benzene and (iv) Xylene. “State the 
conditions under which reactions occur in each case. » 

4. “Experimental Conditions are often a factor in deter 
of products of a react i j 


of 


a halogen 
Ydrocarbon ? £ 


e, (ii) sulphuric 
5. Starting from ‘benzene, how Would you prepare (i 
(ii) P-chloro-benzoic acid, (iii) bel ) 0-nitro-b 
action of 
oiling toluene ? How would you 
WO reactions ? 


B.Sc. Pass, 1938. Dacca Uni. 
J. Discuss in detail the products Obtained by the reaction of chlorine 
and toluene, and indicate their industrial importance. i 
B.A. & B.Sc. Pass, 1938, Bombay Uni. 
8. How are the chlorotoluenes prepared ? Explain the method by which 
the orientation of a given chlorotoluene may be determined. 
B.Sc. Degree Exam. 1941, Annamalai Uni. 
9. How is EES Compare and contrast the properties 
fi with those of ethyl iodide. 
je seh B.A. Degree Exam. 1942, 
10. A compound 4 contains 66°4% C, 55% H, and 28-1% 
On continued boiling with dilute HNO.. B with SE Bre ATER 3-2% 
Wh 


at are 4 and B? Ans. C,H,(CH.)CH, CH A(COOH)CL. 


Madras Uni. 


Cl and gives. 
H and 22:7% CI 


CHAPTER XXXIV 
THE AROMATIC NITRO-COMPOUNDS 


In contrast with the aliphatic, aromatic compounds directly form 
nitro-derivatives with conc. HNO, (p. 815). Benzene and nitric acid 
produce nitrobenzene, CH,NO,, a hydrogen atom of the ring being 
replaced by a -NO, group. Other aromatic compounds such as phenols, 
acids, amines, aldehydes, etc., behave similarly. The nitro group, as a 
rule, enters the ring, and not the saturated side-chain which has, in 
some cases, a tendency to be oxidised by the acid. Aryl halides e.g., 
chlorobenzene do not form nitrobenzene with silver nitrite (cf., forma- 
tion of nitroparaffins, p. 178). Boron trifluoride, BE, improves the yield 
of aromatic nitro-compounds as a .catalyst. Chloromycetin, an anti- 
biotic, is so far the only naturally occurring aromatic nitro-compound. 


CH, + HNO, = C.H;.NO, + HO. 


Benzene Nitrobenzene 
C.H,OH + HNO, = C,H.(OH)NO, + HO. 
Phenol Nitrophenol 
C.H.COOH + HNO, = C.H.(NO:)COOH + H,0. 
Benzoic acid Nitrobenzoic acid 


For nitration, conc. nitric acid (sp. gr. 1°5), fuming nitric acid or more 
usually a mixture of conc. HNO, and H.SO, is employed. With dilute HNO,, 
nitration is not generally possible, presumably due to ionisation of the acid and 
consequent absence of -OH group (of nitric acid) which is essential for the 
formation of, water. € 


arm Ta 0 [0) 
CHIH + HO-NT = CHANT 4+ H.0O. 
Benzene (0) (0) 
Nitric acid Nitrobenzene 
H:SO, does not merely remove the water formed (thereby preventing undue 
dilution of HNO,) for P.O; cannot speed up the reaction like H.SO,. It is now 
believed that the nitronium ion, NO-.+, set free by H.SO, from HNO, or by 
conc. aqueous HNO, itself, is the nitrating agent (the existence of NO;+ has 
been shown by spectroscopic analysis and otherwise) : 
HNO, + 2H.SO. ==> NO:t + H,O+ + 2HSOS 


3HNO, == NO:+ + H,Ot+ + 2NO;,- 


and the nitration proceeds as 


/\N ASE A 
(so (0 (x 
A 2A NZ 
H+ + HSO, —~> H.SO, 
If nitration is done in H.SO, solution, KNO, (or NaNO,) may be 
employed instead of HNO;. Acetyl nitrate, CH,CO.ONO;, is a convenient 
nitrating agent for aromatic compounds ; no water is formed during the reaction. 


It is, however, not quite stable and may explode on heating. It gives larger 
amounts of the ortho-isomer while HNO, yields more of the para-. 
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The number of nitro-groups entering the benzene nucleus Se 
n the nature of the compound, the concentration of nitric acid, 
ন the temperature of the reaction. Generally, in the cold or at room 
ন UTE ডু mononitro-derivative is formed, but with more Concen- 
Er id, and at higher temperature, di- and tri-nitro-derivatives 
Ee BED ed. The nitro group deactivates the benzene rin 


B+ 
making the entry of the second nitro group rather difficult. Not more 
than three nitro groups can usually be introduced into benzene or 
its derivatives. Nitration proceeds smoothly if -CH,, -OH, -NH,, etc. 


TOUups are present in the ring to activate it; toluene, Phenol, aniline, etc., 
more readily nitrated than benzene. Phenol, for example, can be 
nitrated with dilute HNO,. A substituen 


t in the ring has a directing 
influence on the entering -NO, group (Pp. 880). Oxidation of aromatic 


aldehydes during nitration with HNO, is not appreciable at about 0°. 


Tf toluene or ethylbenzene is heated above 100° with dilute HNO. 


(d. 1:076) in a sealed tube, Phenvylnitromethane, C;H,CH.NO,, or 
Phenvinitroethane, CsH,CH(NO.)CH,, is formed, the nitro group enter- 
ing the side-chain. 


Properties of nitro-compounds, —Most aromatic nitro-compounds 
are yellow, crystalline solids; a few €.g., nitrobenzene are pale yellow 
liquids. They are soluble in common organic solvents 
benzene, ether, etc., but insol 


such as alcohol, 
uble in water. The mononitro-derivatives 
distil unchanged, but the di- and tri-nitro. 

on heating, 


“compounds usually decompose 

sometimes with explosion. The majority of them are volatile 
in steam. In certain respects, however, they behave like 
nitro-compounds. For example, 


they are not hydrolysed” by caustic 
alkalis ; they form amines on red 


uction in acid solution, etc. Aromatic 
“itro-compounds which are tertiary, do not form salts with alkalis (p- 
174) or react with HNO, (p. 96). The nitro Eroup in mono-derivatives 
is firmly attached to the Nucleus and quite difficult to substitute. In 
and poly-nitro-derivatives or halogen-substituted Ditro-compounds. 
however, it can be replaced 


NNO, Boiled/with NOH 
lo ET 


NW NO, NaOH NO, 
9-Dinitrobenzene 


Commercially, the nitro- 
trinitrotoluene (T.N.T.) and P 
dye intermediates. 


Nitrobenzene, CLH.NO,, is the simplest aromatic Ditro-compounc 
and important commercially. 


Preparation.—A well-cooled mixture of 50 c.c. of co 
14) and 60 c.c. of conc. H.SO, is Slowly adde NZene taken 
in a flask, It is shaken and cooled, if Tequired, to keep the temperature 
below 50° (to avoid the formation of m-nitrobenzene). The mixture is heateg 
under reflux on water-bath to about 70° for 45 minutes with Occasional Shaking. 
The cooled liquid is poured into water (about 400 c.c.) ; the oily, heavy, insoluble 
nitrobenzene is removed and washed in a separating funnel with water and thet 


0-Nitropheno!l 


compounds are important; 


cor L b SOme eg, 
ICrIC acid, are explosives ; 


others form 


nc. HNO, (sp. gr. 
dded to 45 c.c. of benze ৰ 
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with a dilute solution of Na,CO;, to remove the free acid. It i i 
$ ২ i is aga 
with water, dehydrated with fused CaCl, and distilled with an HES 
Fe fraction coming NSE 207°-211° is collected. It is dangerous to distil 
0 dryness or raise the temperature above 214° ; an explosion m: e 
to higher nitro-compounds. 2 AA 

The industrial process is similar; the nitration is carried out in large 
cast iron pans fitted with a stirrer and kept cool by circulating water. The 
temperature is finally raised to 80° by external steam to complete the reaction 
which. takes 3-4 hours. The liquid is cooled and transferred to a tank with 
a conical base. The heavier acid layer is drawn off and used again. Nitrobenzene 
is washed with water or dilute alkali and purified by distillation, if necessary. 
Excess of acid gives m-dinitrobenzene. 

Properties.—Nitrobenzene is a pale yellow, oily liquid (sp. gr. 
1°204 at 20°), boiling at 209°. It smells somewhat like oil of bitter 
almonds ; it is called artificial oil of bitter almonds and used for scenting 
cheap soap and boot-polish. Commercially, nitrobenzene is known as 
essence or oil of mirbane. It is very stable, being unaffected by acids. 
alkalis or oxidising agents. It forms 0- and p-nitrophenols on heating 
with solid KOH. Nitrobenzene may be reduced, in acid solution, to, 
aminobenzene or aniline, for making which it is chiefly employed. 
It is volatile in steam and is purified by steam distillation (p. 8). Nitro- 
benzene is a poison, It 1s readily absorbed through the skin and 
destroys red blood corpuscles. It isa good solvent and an oxidising 
agent. On reduction, nitrobenzene yields various products depending 
on the reducing agents and its pH. 


(i) Reduced in strongly acid solution e.g., with SnCl, and HCl, or zine 
and HCl, nitrobenzene forms aniline. Aromatic nitro-compounds, as a rule, 
are reduced to amino-compounds by acid reducing agents. On hydrogenation, 
nitrobenzene gives aniline in presence of platinum or Raney nickel but azo- 


benzene in 100% yield when palladium on CaCO, support is employed. 
C.H;NO, + 6H = C:H:NHs + 2H,O. 


Nitrobenzene Aniline 
2C,HNO; + 4H: = C.H.N=NC,H, + 4H.O. 
Azobenzene 


(ii) By neutral reducing agents such as aluminium-mercury couple or zinc 
dust and aqueous NH,.Cl, nitrobenzene 1S mainly reduced to phenylhydroxyl- 
Alcoholic ammonium hydrosulphide acts likewise in the cold. 


amine. 
C.H.NO. + 4H = C.H.NHOH + HO. 
Nitrobenzene Phenvlhydroxylamine 
Phenylhydroxylamine is an intermediate product in the reduction of nitro- 


is highly reactive and readily forms aniline : 


benzene to aniline. It is 
(© 0 tC H:NHOH . —> C.H,NH. 
CE EES Phenylhydroxylamine Aniline 
(iii) Allaline reducing agents like zinc dust and NaOH, SnCl, and NaOH. 
sodium methoxide in alcohol. etc. convert nitrobenzene successively into 


azoxybenzene, azobenzene and hydrazobenzene : 


C.H:NO: C,H.-N>0 C,H.N C.H.NH 

+ —> ll == | = | 
C,H.-NO. C.H.-N CH.N C H.NH 
Nirrobenzene Azoxybenzene Azoberzene Hydrazcbenzene 


rolvtic reduction in strongly acid solution. nitrobenzene yields 


i elect 1 benz 
oY n important dye intermediate : phenylhydroxylamine is probably 


p-amidophenol, a 
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intermediate product. In weakly acid solution, however, aniline is the 
an 
ain product. 
5 C;H.NO, —> C.H,NHOH | _> HOC.H.NH, 
Nitrobenzene Phenylhydroxylamine P-Amidophenol 


i i toms are equivalent in the 
There is evidence to show that the oxygen al k 
nitro group which is stabilised by resonance between structures : 


(0) 20 
R-NL <> SAN 


In nitrobenzene, however, resonance with the ring occurs and additional struc- 
tures are possible such as 


SWAG 0) 

nt 2 2 / 
| 

b ডে er HAS 

> OEE 

Na NA w No 


in which oxygen atoms Carry negative charges; the corresponding positive 
charges are On the nitrogen atom and on either 0- or p-carbon in the benzene 
TINg. 

Phenylnitromethane, C,H,CH,NO,, isomeric with nitrotoluenes, ‘is 
Obtained by heating benzyl iodide, CH,CHLL, with silver nitrite in 
aqueous alcohol, or toluene with dilute HNO, in a sealed tube above 
100°. It is a yellow liquid, behaving like a primary nitroparaffin. Ie 
exists in two tautomeric forms, the Ordinary nitro-form is stable ; 
HCl precipitates the aci-form from its alkaline solution. 


CH.CH.NO, > C,H,CH=NO.OH 
Yellow liquid (b.p. 226°) White solid (m.p. 84°) 
m-Dinitrobenzene, CH,(NO,),, is made by tre 


With a mixture of equal amounts of conc. H,SO, 


(sp. gr. 1°56); o- and fP-dinitrobenzenes arc also si 
(about 8%). 


ating nitrobenzene 


and fuming HNO, 
multaneously formed 


C,H,NO, + HNO, = C.H.(NO.), + H.O. 
Nitrobenzene m-Dinitrobenzene 
Nitrobenzene (1 part) is slowly added with Shaking to the id mi 2 
(3 parts) and heated on boiling water-bath for about an hour. WO POUR 
the hot liquid with Stirring into cold water, mM-dinitrob p 


ER enzene solidifies. 
filtered, washed with Water and recrystallised from alcohol. টা 0- I 
P-Compounds formed, remain in solutl i 


ion in alcohol. Fuming HNO m: 
be replaced by conc. HNO, (sp. gr. 1°42) if a larger [) 3 may 
conc. H,SO, is used. Ber proportion (1 £3) of 

m-Dinitrobenzene forms very m.p. 90°), i 
ডন 5 f .P. ,IN= 
soluble in water but readily soluble ( LE বহ EE 


hide, nitraniline, CH 

and finally, m-phenylenediamine, CsHL(NH),. Tin and HCP ee 
intermediate. 
mainly 2:4- 
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Ho land frdinitrobenzene are prepared from t i 
dinitranilines by diazo-reaction Fold by TT of EE 
compound with alkaline stannous chloride (p. 367). 
C:H.(NO.):. NH, —> C:H.(NO:)..N,CIl —> C.H.(NO,), 
Dinitraniline Diazo-compound Dinitrobenzene 
0- and fp-dinitrobenzene are colourless crystals melting at 118° 
and 178° respectively. Towards reducing agents, they behave like 
their meta-isomer. o0- and f-dinitrobenzene, however, form o- and 
nitrophenol on boiling with caustic soda, and give o0- and p-nitraniline 
with alcoholic ammonia (distinction from the mrisomerj. The 
m-compound can thus be separated from o- and p- with boiling 
caustic soda solution. nn 


s-Trinitrobenzene, C,H,(NO;,), (1:8:5), the most important of the 
three trinitrobenzenes, is produced by heating m-dinitrobenzene 
for about 5 days with a mixture of fuming HNO, and conc. H,SO.,. 
It is rather difficult to introduce the third nitro group into the benzene 
ring. Trinitrobenzene crystallises in colourless plates (m.p. 122°). Tt 
is used in making explosives, and as an indicator for titrating weak 
acids (it gives a deep yellow colour with alkalis). Heated with ‘sodium 
methodixe in methanol, it forms 8: 5-dinitroanisole, C,H,(NO,).OCH,. 


Nitrotoluenes, C,H,(CH,)NO,, are important for their ready 
conversion into the corresponding toluidines required for making 
dyestuffs. o0- and p-nitrotoluene (with very little of the m-isomer) are 
obtained by the direct nitration of toluene. With acetyl nitrate, 
toluene gives about 90% of o-nitrotoluene. The o-compound melts 
at -4° and the para- at 54°. Hence they may be separated by freezing, 
or by fractional distillation under reduced pressure. o-Nitrotoluene is 
a perfume ; both are employed in the dye industry. Mononitrotoluenes 
are isomeric with phenylnitromethane, C.H,CH,NO,, from which they 
can be distinguished by oxidation. o-Nitrotoluene forms o-amino- 
benzoic acid, C.H.(NH,)COOH, on heating with alcoholic caustic soda 
by “nternal oxidation’. 

m-Nitrotoluene, a liquid (b.p. 230°), is prepared indirectly from 


f-toluidine, CH.(NH.)CH,. The amino group is protected by acetyla- 
tion and the acetyl compound is nitrated. The amino group is 


removed by diazo-reaction (vide infra). 


SY AS A 
NS 
a | CH,COCI | | HNO, | | H.0 
| —_—_—> = 33728 EE 
NY NA E 
NH, NHAc NHAc 
p-Toluidine 
CH CH; CH, 
IAS Diazo CHOH MAS 
EH HEEL 
reaction boil 


| NO: \/NO, 
\so. 1 a mM-Nitrotoluene 
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2:4:6-Trinitrotoluene is one of the most important explosives, 
briefly termed T.N.T. or Trotyl. 


It is made by dropping toluene into a mix 


ture of nitric and fuming 
sulphuric acids with stirring. Mono- 


and di-nitrotolue: 


it from isomerides derived from m-nitrotoluene (about 5% of the latter is 
formed during nitration of toluene). 


Trinitrotoluene is a pale yellow, 
Without decomposition. It is toxic an 
when burnt in large quantities ; 


crystalline solid melting at 81° 
d explodes Only on detonation or 
mercury fuiminate is a common 
detonator. Ammonal (or amatol), a high explosive, is a mixture of 
TN.T. and ammonium nitrate (in varying Proportions). T.N.T. is 


used for the filling of torpedoes, shells and bombs. On explosion, it is 
believed to decompose as - 


«T+ 3N, + H,, 

Living gascous Products ; hence the explosive Violence (cf., nitro- 

Slycerine, Dp. 116). The molecule itself supplies the OXYgen necessary 

for combustion. The explosive violence of the first hydrogen-bomb Was 
i illion tons of TN 


QUESTIONS 
How would yo 


ils U prepare from benzene the followi 
(a) benzoic acid, (b) be 


ng compounds : 
nZyl chloride, (Cc) aniline, (d) chlorobe 


nzene ? 
B.A. Pass, 1938, Bombay Uni. 
2. Give an account of the 


method of preparing aid Purifving nitro- 
benzene and describe its Properties. To what uses has it been put? 


B.Sc Pass, 1936, Dacca Uni. 
actions. which occur When nitrobenzene is 


1 conditions. A.I.C., 1940. 
Tespects do the aromatic nDitro-compounds differ from the 


3. Give An account of the re: 
reduced under different experimenta. 
. 4. In what 
nitro-paraffins ? 


5A ABY What chemical reactions would You distinguish between any three 
of the following pairs of substances ‘ i 


cthane and nitrobenzene 

s (C) aldohexose and Ketohexose, (d) benzyl 

chloride and P-chlorotoluene. Sc. 1942 Agra Uni 
6. Describe the Preparation of 


nitrobenzene in the la 


ared from it? (a) aniline, (b) Phenol, 
+ & B.Sc. Degree Exam. 1942, A i 


the following compounds be prep 
(c) iodobenzene. A. 


Of nitro- 
: B.Sc. Exam. 1945, Benares Hindu Uni. ; 
B.Sc, Pass, 1952, Allahabad Uni. & 


|| 


CHAPTER XXXV 
THE AROMATIC AMINO-COMPOUNDS 


The aromatic amines, like the aliphatic, may be looked 
theoretically derived from ammonia, ES By the EEE of 
hydrogen by aryl groups. They are primary, secondary or tertiary 
according as one, two or all the hydrogen atoms of ammonia are thus 
replaced: 

C.H:NH, (C,H.).NH (CH.),N 


Phenylaminc or aniline (primary)  Diphenylamine (secondary) ‘Triphenylamine (tertiary) 


Secondary and tertiary amines may have both alkyl and aryl 
groups e.g., phenylmethylamine, C,JHINHCH,, and phenyld.methyl- 
amine, C;H,N(CH,)».. The primary aromatic amines may aiso be 
fegarded as derivatives of aromatic hydrocarbons, formed by the 
substitution of nuclear hydrogen atoms by amino groups. Thus 
C,H,NH, is aminobenzene, C,H,(CH,)JNH, is aminotoluene and 
CH,(NH,), is diaminobenzene. The -NH, group may be in the 
side-chain, e.g., benzylamine, C;H;.CH,.NH,. Jt behaves like aliphatic 
amines (cf., benzyl chloride, p. 842). 

The aromatic amines differ from the aliphatic in their mode of 
formation and, to some extent, in their chemical behaviour. They 
are, as a rule, Obtained by the reduction of corresponding nitro- 
compounds. Due to the phenyl group, aromatic amines are much 
weaker bases than ammonia or aliphatic amines. At 25° Kk, for 
ammonia is 1°75 x10, for aniline, C:H,NH,, 46x10-!'0 and for 
n-hexylamine, CsHL,NH,, 50X10. The basic character weakens 
gradually with increasing number of phenyl groups. Diphenylamine 
(k = 7T6x10-") is weaker than aniline, and triphenylamine has no 
Dasic property at all. 

H 


‘The lone pair of electrons on nitrogen in amines, R:N:H, are 


available for forming a coordinate bond with a proton; so amines 
behave as proton acceptors or bases. Any group that pulls these 
clectrons away from the nitrogen would, therefore, weaken the base. 
Resonance of the unshared pair of electrons on nitrogen with the 
unsaturated electrons on the benzene ring of aniline (this is not possible 
in aliphatic amines) makes the lone Pair less available for bonding with 
a proton. Furthermore, a small positive charge on nitrogen tends 
to repel a proton; hence aniline is a weaker base than ammonia or 


methylamine. 
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An electron-attracting group e.g., -NO, in the ring decreases the 
basicity further (kb for o-nitraniline is 1x10-*) while an electron- 
repelling group such as alkyl increases the basicity (kp 


! for cthylaniline 
is 18x 107°). Purely aromatic quaternary compound 


Ss of ithe type 
[(C.H.),NJX- are unknown. The primary aromatic amines, unlike 
the aliphatic, give diazo-compounds with nitrous acid (q.v.). These are 
commercially important, being the basic materials for many dyestuffs 


and some important drugs. The simplest and also the most important 
aromatic primary amine is aniline. 


Aniline, aminobenzene, phenylamine, C.H,NH,, was first obtained 
by Unverdorben in 1826 by the dry distillation of 


indigo, whence the 
name (Sanskrit nila means dark-blue or the indigo 


lb Plant. The Portu- 
guese called Indian indigo anil). In 1884 Runge discovered aniline in 


coal-tar where it occurs in small quantities. Bone-oil also contains 
aniline. 


Preparation.—(1) Aniline is usually prepared in the laboratory 
by reducing nitrobenzene with tin and conc. hydrochloric acid. 
Nitrobenzene (25 g.) and granulated tin (50 £.) are taken in 
with a reflux condenser. Conc. HCl (100 c.c.) is added gradually TE 
Shaking, the temperature kept within 90° by immersing the flask in cold water, 
The flask without the condenser is then heated on a boiling water-bath for 
half-an-hour to complete the reaction. 


C;H,NO, + 3Sn + 6HCI = C.H.NH, + 3SnCl, + 2H.O. 
Nitrobenzene Aniline 


A strong solution of NaOH (75 fs. in 100 c.c.) is Slowly added to the 
cooled mixture to decompose the double salt, (C.H;NH..HCl).Sncl,, formed. 
The free base which floats as a dark-brown oil, is separated by distillation in 
steam (p. 8) ; the mixture bumps badly on heating. 


Distillation in steam.—A mixture of two immiscible liquids boils when their 
combined vapour pressure is equal to the atmospheric pressure. When steam is 
Passed into a mixture of water and aniline (b.p. 183°), both liquids vaporise 
at 98° at which v.p. of aniline (53 mm) + v.p. of water (707 mm) = 760 mm 
On condensation, we get a mixture of water and aniline approximately in the 
ratio 2:5:1 (vide equation on p. 8); this can be easily separated or salted out. 


Fig. 54. Distillation in steam. 
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Steam from the can B (fitted with a safety tube to prevent excess Press UE 
or back-rush), is led into the round-bottomed flask F containing the mixture 
of aniline, water, etc. The flask is connected to a condenser and heated on 
a sand-bath to prevent the condensation of steam coming from the can. Con- 
densed steam and aniline collect in the receiver R. The distillation is continued 
till the distillate is no longer turbid. Powdered common salt (30 £.) is added 
to the distillate ; practically all the aniline separates on Shaking. It is extracted 
with ether and dehydrated with coarsely powdered KOH (aniline forms an 
addition compound with CaCl). Ether is removed by distillation on a boiling 
Wwater-bath (with no flame nearby) and aniline is finally purified by distillation. 

Commercially, nitrobenzene is reduced in cast iron cylinders fitted 
with mechanical stirrers with iron filing or powder (in place of more 
costly tin), water and about 1/40th of the hydrochloric acid theoretic- 
ally required by the equation : 


C.H.NO, + 3Fe + 6HCI! = C,H.NH:; + 2H.O + 3FeCl.. 


‘The mechanism of the reaction is not well established. One 
explanation is 


Fe + 2HCI —> FeCl, + 2H 
C.H,NO. + 6H —> C:H.NH, + 2H.0 
FeCl, + 2H,O —> Fe(OH), + 2HCI 
C,H,NO, + 6Fe(OH), + 4H.O0 —> C.H.NH, + 6Fe(OH), 


A little HCl is added to start the reaction, the regenerated HCl 
takes part in the reaction. Iron is finally obtained as black oxide, Fe,O,, 
used as a pigment. Steam is blown into the vessel and the contents 
kept in agitation by the stirrer. Heat of reaction completes the pro- 
cess. Lime is added to neutralise the acid and decompose aniline 
hydrochloride. Aniline is separated by distillation in steam. Nitric 
acid is, however, costly for making nitrobenzene from benzene (vide 
method 4). s 

(2) Aniline may be obtained by Hofmann’s reaction (p. 208) by 
treating the amide of benzoic acid with bromine and caustic potash. 
Other acid amides behave similarly. 


Br: KOH 
C.H..CONH, —> C:H.CONHBr _— > C:H..NH, 
Benzamide Benzobromamide Aniline 
(8) Phenol, when heated with thedouble compound of zinc chloride 
and ammonia to about 800°, yields aniline. Some secondary amine, 
(CH) :NH, is also formed. 
C.H..OH + NH, = C.H..NH, + H.0. 
Phenol Aniline 
4) Chlorobenzene (obtained by chlorinating benzene) and aqneous 
ammonia (28%) react under 60 atmos. pressure at about 200° in presence 
of cuprous oxide and chloride to form aniline. CuCl, acts as a catalyst. 
The conversion is nearly 90% under suitable conditions. About 1% 
diphenylamine and 5% phenol also result; these are easily removed. It 
is a commercial method. 
CuCl, 
2C,H.Cl + 2NH, + CuO ——> 2C.HNH, + Cu.Cl, + H,O 
€hlorobenzene Aniline 


28 
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(5) Aniline, in good yield, is obtained when nitrobenzene is 
reduced electrolytically in weakly acid solution; in strongly acid 
solution, p-amidophenol is formed (p. 848). Catalytic reduction of 
nitrobenzene gives aniline at room temperature if Raney nickel or 
platinum is used. 

(6) Benzene and ammonia combine at 500° in presence of finely 
divided nickel to give aniline; the yield is, however, too poor. 


CH. + NH, —> C.H.NH, + H, 
Other aromatic primary amines may be obtained similarly. . 


Properties.—Freshly distilled aniline is a colourless, oily liquid 
(b.p. 183°) with a characteristic (but not ammoniacal) smell. On 
exposure to light and air, it slowly turns deep brown due to oxidation 
of thiophene (present in coal-tar benzene used for making aniline). 
Aniline from synthetic benzene remains colourless. Aniline is. slightly 
heavier than water (sp. gr. 1024 at 16°) and is slightly soluble (about 
8%) in it. Alcohol, ether or benzene dissolves it readily. Aniline is 
highly toxic but its toxicity is reduced on sulphonation and also its 
basicity ; sulphanilic acid is almost non-toxic. It forms a yellow platini- 


chloride, (C,HNH,)».H,PiCl,, with Platinic chloride’ and. HCl like 
aliphatic amines. 


Aniline is a very weak base, almost neutral to litmus, but it forms 
with acids crystalline salts such as aniline hydrochloride or phenyl 


ammonium chloride, [C:H,NH,] Cl- (commercially known as ‘aniline 
salt’), aniline sulphate, [(C,LH,NH,),]Jf+S0,-- etc., Which five a strongly 
acid solution in water due to hydrolysis. Aqueous solution of aniline 
Precipitates salts of Al, Fe and Zn as hydroxides. bry 5 


Reactions.—(1) With nitrous acid in th 
diazonium salts which, on prolonged standi 
solution, form phenol. 


e cold, aniline salts Produce 
ng, or Warming in aqueous 
[CsHNH,]+tCI- + HNO, = [C.H,N.J+CI- + 2H,0. 
Aniline hydrochloride Benzenediavonium chloride 
C.HN,Cl + H,O = C.H,OH + N, + HCl. 
4 Phenol 


Aliphatic primary amines give alcohols, nitrosen and water wi 
nitrous acid (p. 204) but no diazo-salt. Nba TEE 
extremely unstable, possibly split up into alcohols, etc. as Se ট 
formed. Primary aromatic amines may be estimated by titration in 
acid solution with sodium nitrite using starch-iodide Paper ‘as ‘indicator. 

(2) Alkyl iodides replace the amino-hydrogen by an alkyl group in 
aromatic primary amines; secondary amines are first a Lb 
formation of aliphatic amines, p. 206). ME 2 


Heated k 
C:H;NH, + CHI C.H..NH.CH, + HI 
Aniline under pressure Monomethylaniline 


~~ 4 


এ খাট 
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Further substitution gives tertiary amines as well as quaternary 
ammonium compounds : 
CsH..NHCH, + CHI = C,H,N(CH,), + HI 
Dimethylaniline 
CsHsN(CH.), + CH.l = [C,H.N(CH.),] +I". 


Phenylirimethv: sum . iodiac 


(8) With acid chlorides and anhydrides, aniline forms substuinte:i 
amides, called anilides, which resemble aliphatic acid amides. These 
are crystalline and useful in the identification of amino compounds. 
C.H.NHI|H + CIHLCOCH, = C,H,..NHCOCH, + HCl. 
Aniline Acetyl chloride Acetanilide 


(4) Aniline and in fact, all primary amines, aliphatic or aromatic, 
give carbylamine or isocyanide reaction with chlorotorm and alcoholic 
caustic potash (p. 79). 

(5) Aniline and aliphatic aldehydes form condensation products: 

CH,CHO + 2C.H.NH, = CH,CH(NH.C,H.): + H,0. 
« Ethylidenediphenyldiamine 

With benzaldehyde, however, only one molecule of aniline reacts on 

heating on water-bath to produce benzylideneaniline (m.p. 48°), a Schiff’s base. 


C.H,CHI|O + H.INC.H; = CLJH,.CH=NC,H, + HO. 
Benzaldehy de Aniline Benzylideneaniline 


(6) Similarly, on boiling aniline with carbon disulphide in presence 
of powdered caustic potash, thio-carbanilide, a derivative of thio-urea, 
results. It forms colourless plates (m.p. 154°) and is an accelerator in 
the vulcanisation of rubber. 

CS, + 2C./H.NH, = C,H,NH.CS.NHC,H; + H;S. 
Thio-carbanilide or diphenylthio-urea 

With chlorine or bromine, aniline reacts much more readily 
than benzene, forming trichloro- or tribromo-aniline ; the benzene ring 
is activated by the amino-group. In chlorination, a water-free solvent 
gs chloroform is used to avoid oxidation of aniline. Iodine, however, 
forms fiodo-aniline ; hydriodic acid formed combines with the product 
w yield a salt, CSH,INH,HI. Sodium bicarbonate solution may be 
added to fix up the acid. The reacaion with bromine-water is quantita- 
tive and used for the estimation of aniline. Tf aniline is first acetylated 
to acetanilide (thus reducing the activating effect of the amino group) 
and then brominated, 0- and mostly f-bromo-derivatives result, which 
on hydrolysis give 0- and p-bromoaniline. p-Chloroaniline, CL-C,H,NH,, 
results on heating f-chlorobromobenzene, ClL.C,H,Br, with ammonia 
and cuprous oxide. 


NH, 
Br Br 
+ 3Br, = + 3HBr. 


2:4:6-Tribromo-aniline 
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(6) Aniline undergoes oxidation readily, and different products. 
depending on the condition and oxidising agent, are formed: 


Oxidising agent Product 
Alkaline pot. permanganate Azobenzene, CLH,-N=N-C.H; 
Neutral pot. permanganate Azobenzene and nitrobenzene 
Acid pot. permanganate Aniline black (a valuable dyestuff) 
Chromic acid #-Benzoquinone, C,H,O, 
Hypochlorous acid 2-Amidophenol, C,H,(OH)NH, 
Conc. nitric acid Aniline decomposes 

* Monopersulphuric acid Nitrosobenzene, CH;NO, and 

(Caro’s acid) nitrobenzene, C,H,NO, 


(9) Aniline sulphate, (C,H,NH,},SO,, (made by adding H,S0, 
to aniline) on heating to 180-200° with fuming H,SO,, undergoes an 
intra-molecular change and yields f-aminobenzenesulphonic acid or 
sulphanilic acid—a little of the 0-compound is also formed. Phenyl- 
sulphaminic acid is probably an intermediate Product. Traces of iron 
salts promote oxidation and highly coloured products result. 


NH..HSO, NH.SO,H NH. 
Heat 0 AN 
===> 
> [) 
Aniline hydrogen sulphate Phenylsulphaminic acid 6 H 


Sulphanilic acid 


Sulphanilamide, P-aminobenzenesulphonamide, NH,C,H,.SO, NH 
(m.p. 163°), is the nucleus essential for the streptococcidal activit of 
the azo-dye, protonsil rubrum. In the body, Pprotonsil is TEAL to 
sulphanilamide which is widely used to combat pneumonia 
etc. Derivatives of sulphanilamide (commonly called sulph 
more effective or specific. 


(10) The amino H atoms of aniline are re laced b ৭ 
sodium) when it is heated with the metal—C,HNHK abo Ein (or 
are thus obtained. h oS T5N BS, 


Salvarsan, 606 or P-dihydroxy-m-diamino-arsenobenzene di ide 
Phenol is arsenated by heating with arsenic acid, the LE EEE 
nitrated. With sodium  hyposulphite, Na.S,O., the nitro Eroup is reduced 
to amino group and the arsenic acid group to_—As=As— ; two such reduced’ 
mols. then combine to give salvarsan base, The dihydrochloride is used in 
medicine to combat syphilis and malaria tertiana. It readily decomposes in 
alr and so is kept in evacuated tubes or in an inert gas. Paul Ehrlich, the 
father of chemotherapy, discovered salvarsan in 1910; it was the 606th atoxyl 
(P. 357) derivative synthesised in his laboratory. 


gonorrheea, 
10 drugs) are 


SH OH OH OH OH 
HAsO, /\ HNO NO HN TTA NH, 
NA UU HiSO, (0) E () ) 
Pho XsO(OH), AXSO.H, AS LAS 
- Hyd -pheny]- - Hyd ~m-nitro- i i. 
EAR REE ELE 


(base of salvarsan) 
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Tests.—(i) On warming aniline with chloroform and alcoholic caustic 
potash, phenyl isocyanide with a repulsive odour is formed (p. 79). But any 
primary amine, aliphatic or aromatic, gives this test. 


(ii) On shaking 1-2 drops of aniline with 10 c.c. of water and addi 
to it a little bleaching powder solution, a transient violet colour is Bro diced 
which soon turns brown and fades away. Only free aniline, in aqueous 
solution, gives this characteristic test. 


(iii) On adding a drop of a dilute potassium dichromate Juti. 
oon of aniline in H.SO,, a red colour is produced, which STEVES a 
ue. 
(iv) Ligno-celluloses (e.g., jute, wood, etc.) give a yellow coloration with 
aniline salts. 


v) Diazo-reaction: To a well-cooled i ili. ন 

EA an excess of hydrochloric San VEL AE 
solution are added. With B-naphthol (in excess of caustic Soda), a brilliant 
red dye is produced. All primary aromatic amines give this test. 
.  Uses.—Aniline is employed in making aniline dyes, synthetic 
indigo, stains such as safranine, rosaniline blue, etc., drugs like atoxyl 
(a remedy for sleeping sickness ; it is the sodium salt of arsanilic acid, 
H,N.C,H,.AsO,H.), antifebrin, sulpha drugs, etc. It is an important 
accelerator for vulcanisation of rubber. 

General properties.—Primary aromatic amines are colourless liquids 
or solids with a faint smell which is not ammoniacal. They are 
practically insoluble in water but dissolve in many Organic solvents. 
The amines gradually turn brown or black on exposure to air and light. 
They are volatile in steam and distil without decomposition. They are 
very weak bases—neutral to litmus—but form crystalline salts with acids 
and crystalline double-salts With platinic chloride. Chemically, all of 
them behave like aniline. They give diazo-salts with nitrous acid in 
the cold, respond to the carbylamine reaction, form condensation 
products with carbon disulphide, aldehydes, etc., produce anilides with 
acid chlorides, and so on. 

Acetanilide, phenylacetamide or antifebrin, C,H,NH.OCCH,, is 
made by acetylating aniline with glacial acetic acid, acetyl chloride or 
acetic anhydride. 

C.H.NH, + (CH,CO).O0 = C,H, NHOCCH, + CH,.COOH. 


Aniline Acetic anhydride © Acetanilide Acetic acid 


hly distilled aniline (10 c.c.) and glacial acetic acid (20 c.c.) are tL 
Eo about an hour in a conical flask (150 c.c.) provided iE a rd 
condenser. . The hot liquid is poured into cold water (200 c.c.) with JAA 
during addition. Acetanilide crystals separate. These are recrystallised from 
boiling water or dilute alcohol. The yield is quite high. 

Acetanilide forms White, rhombic plates (m.p. 114°), sparingly 
soluble in cold, but readily soluble in hot, water. It Was formerly used 
for lowering the body temperature and so called antifebrin. It also 
relieves headache and neuralgic pain but affects the heart. It has been 
largely replaced by better drugs. On hydrolysis with alkalis or, better 
a acids, it gives back aniline and acetic acid (cf. hydrolysis of 


acetamide, p. 166). সর I5hons id 
hanilic acid, p-aminobenzenesulphonic aci 1, C H (NH, SO, H, 
SE দন already mentioned, by heating aniline RL with 
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fuming H,SO, to about 200° for nearly five hours. It forms colourless 
crystals (with 2 mols. of water), sparingly soluble in cold, but readily 
soluble in boiling water. It decomposes on heating before melting. It 
forms salts with alkalis but not with acids. The free acid (though not 
its dry sodium salt) is difficult to acetylate. This is because sulphanilic 


acid exists as an internal salt, H,N-C,H,-SO,, (zwitter-ion) like amino- 
acids (p. 185). On heating with soda-lime, it gives aniline. Certain azo- 
dyes, e.g., methyl orange (q.v.) are made from it. P-Aminobenzene- 
sulphony] derivative of n-butylurea, taken orally, lowers the blood sugar 
of diabetics, like insulin which has to be injected. 


Nitranilines, NH,.CH,.NO,, (0-, m- and p-) cannot be obtained 
by the direct nitration of aniline as nitric acid oxidises the amino group. 
H, however, the amino group is ‘protected’ by acetylation, fuming HNO, 
at low temperature gives 0- and p-nitro-derivatives, the latter 
dominating (90%). These are easily separated as the o- 
soluble in ice-cold water but not the f-- Free nitranilines 


therefrom by hydrolysis with conc. HC] and subsequent tr 
caustic soda. 


NH, NHAc NHAc NHAc NH, NH 
ZN ANT 
f |] «oo HNO, 2 | Bo No, | | 
——_ —> ar —> 
NV EA \ ARRASCAM LS 
Aniline Acetanilide  o-Nitroacetanilide NO, o-Nitraniline i 
P-Nitroace tanilide PNitrar io 
m-Nitraniline is ReParce from m-dinitrobenzene by partial 
reduction with alcoholic ammonium hydrosulphide. Sulphuretted 
hydrogen is Passed into an alcoholic solution of m-nit 


5 € D raniline and 
ammonia ; the mixture is warmed on water-bath. The yield is about 
80%, 


pre- 
compound is 
are obtained 
eatment with 


রি NO, NO: 
} 0 5 + 3NH,HS = HASNT + 3NH, + 35 + 2H,O. 
™m-Dinitrobenzene 


This is, however, more readil ili ini i 

, how s. ly effected by boiling ™m-dinitrobenzene i 

SUN Suspension with sodium disulphide, Na+S., solution (made by adding 

Rl to ME Peculiarly, however, if aniline is nitrated in strong H.SO,, mainly 

Re 2 Vi EE 2- and o-nitraniline are formed. p-Nitraniline is made by 
OUS ammoni -ni itrati 

chlorobenzene 1a on P-nitrochlorobenzene (made by nitrating 


in an autoc j irri i ili 
from chlorobenzene, p. 353), lave with stirring (cf., formation of aniline 


m-Nitraniline 


Nitranilines are orange-yellow, crystalline solids; the ortho- 
compound melts ta- and para- at 114° and 147° 
মী RT weakened by the electron- 
১ 1ssolve only in excess of acid to 
form salts which, when Pure, are colourless. They are not, however, 
Weakest, and the m- the strongest. 
ut dissolve readily in alcohol. On 
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NH..C.H..NO; + HOH = HO.C,H..NO; + NH.. 
pNitraniline is commercially important for making para-red; 
p-phenylenediamine is the parent compound of many dyes. Some azo- 
dyes are derived from m-nitraniline. 


Chloro- and bromo-anilines.—Trichloro- and tribromo-anilines 
are formed by the direct action of the halogens on aniline (p. 355). 
So the monohalogen-derivatives cannot be obtained thus. The amino 
group in aniline is first ‘protected’ by acetylation, chlorine (or bromine) 
then yields the 0- and p-derivatives. The p-compound is the main 
product. These are separated by fractional crystallisation, followed by 
hydrolysis with strong acids or alkalis. 

Ac,O NTA Cl; EEL EN H.O ERE 
C.H,NH, ——> CH; Cc —> Cs ন —> 0 ত 


Aniline Acetanilide 
0- and p-chloro-acetanilide 0- and p-chloroaniline 


m-Chloro-aniline is conveniently obtained by reduction in acid 
solution of m-chloronitrobenzene, CIL.CH,.NO,. By chlorinating (or 
brominating) aniline in presence of a large excess of conc. H,S0O,, 
m-chloro- (or bromo-) aniline 1s also obtained (cf., formation of m-nitra- 
niline, p. 858). p-Chloroaniline is a solid (m.p. Tl ’) and o- and m- 
isomers are liquids boiling at 207° and 236 respectively. They have 
little technical importance. 

Toluidines, aminotoluenes, NHS CHL.CH, are homologues rather 
than derivatives, of aniline. They are prepared like aniline. Niuo- 
toluenes (0-, m- and p-), on reduction with tin (or iron) and hydrochloric 
acid, yield the corresponding aminotoluenes. p-Toluidine is a white, 
crystalline solid (m.p- 48°, b.p. 200°) while 0- and m-compounds are 
liquids, both boiling at 199°. They closely resemble ‘aniline—give 
diazo-salts, form acet y] derivatives, yield salts with acids, produce thio- 
ai banilides, etc., an also respond to the isocyanide test. Triphenyl- 
Cc hane dyes are made from o0- and f-toluidines. ‘Toluidines are 
Hn Ed by their acetyl derivatives ; 0-, ™m- and p-acetotoluidines melt: 
4 710° 65° and 158° respectively. They may be separated by fractional 
crystallisation of their acetyl CME y 

Phenylenediamines, diaminobenzenes, CHAN), are primary 

ies COE is called phenylene group). The ortho- and para-isomers 
Es red by the reduction of corresponding nitranilines but the 
= Re is usually made by reducing m-dinitrobenzene. They 
i SG crystalline solids which darken on exposure to light and 
Es ES oxidation Dut their salts are more stable. They are soluble 
a CE r. The 0-, m- and f-compounds melt respectively at 102°, 
nt hot 0 ; they are weak bases like aniline. m-Diamine is used for 
68° and o-dyes and the para- for safranine and indamine dyes. 
making % darcine gives with a trace of nitrous acid a yellow-brown 
m-Pheny (BSMGrEE brown), and is employed in water-analysis for the 
coloration 54 d colorimetric estimation of nitrites. The p:-diamine 
detection ALC nzoguinone, CoH,Os, on oxidation. The diamines give 
readily Ee reactions of primary aromatic amines. 0-Diamine, 
HOVE যি) rings due to the proximity of the amino groups, e.g, 
0) , 
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(i) On heating with acetic acid, 0-diamine gives amidine : | 
(NN NH. /\ NH 
lL 4 eH,eooH = al NLC, + 2H.O. 


0-Phenylenediamine 0-Phenylene acetamidine 


(i) With nitrous acid, it forms an azimino-compound : 


ANE, i N NH, 
‘+ HNO, = N + 2H.0. 
NH, Ne 1 
0-Phenylenediamine Aziminobenzene 


(iii) With glyoxal, quinoxaline results : 


N 
ANE SHA AE 
| Cll 
NH, OHC SACH 
0-Phenylenediamine Glyoxal PNY 
Quinoxaline 


Secondary and tertiary aromatic amines.—The Secondary  aro- 
matic amines contain the imino Sroup, -NH-, which 


. the K may be linked 
to two aryl groups as in diphenylamine, (CH,),NH, or to one aryl and 
one alkyl group as in methylaniline, CH, NH(CH ). 

Methylaniline, C,H. NH(CH,), is formed together with di 
methylaniline, CH, N(CH, ),, on heating aniline under pressure with 
methyl] iodide (cf, Preparation of aliphatic 


amines from NH and alk 
halides, p. 206). EY 
C.H,NH, + CHI = CH:NH(CH,) + HI. 
Aniline Methylaniline 
CiH;NH(CH,) + CHI = CeHN(CH,), + Hr. 
Dimethylaniline 


0! y heating under Pressure the requisite 
EE of aniline, methyl] alcohol and a little H.SO, or 


Some dimethylaniline is also Produced. 


I 2 salt with the acid, Which reacts with methanol to give 
methyl chloride (say). e latter methylates aniline. At high temperature, 
the methyl group Migrates fron the nitrogen to the para-position (p. 362): 
1S technically i Sf lusivef 
jE: there is TYEE REET ly J Is almost exc usively formed 


= GIH.NH, + CH,Cl + H.0. 
NH. + CHC = GH NH CH.). HCI. 
Methylaniline hydrochloride 
C;H;NH(CH,)HCI + CH,OH = GHsN(CH,). HCl + H 0 
1 Dimethylanitine hyd rochloris: 
The methylanilines Cannot be Scparated by fractional distillation 
as both boil at 192°. The mixture is acetylated, mMonomethylaniline 
forms an acetyl derivative Put not the other. 


nm i On distillation, dimethyl 
aniline passes over leaving behind the acetyl] derivative which, on 
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alkaline hydrolysis, yields monomethylaniline. Pure monomethyl- 
aniline is obtained by reacting aniline and formaldehyde in presence of 
warm caustic soda and zinc dust. Methyleneaniline, first formed gives 

ঠ i) ঃ 


methylaniline on reduction. 
HO 2H 
GH.NIEEF OIHCH —> C,H.N=CH, > C,H,NHCH, 

Methyleneaniline Methylaniline 


Monomethylaniline, largely used in making dyestuffs, is a colourless 
oil (b.p. 192°) lighter than water. The LOH group makes it a slightly 
stronger base (kb =T1 x 107") than aniline (p. 351). With nitrous acid, 
it gives methylphenylnitrosoamine, C,H,N(CH,)NO, a light yellow oil 
(ES alkylnitrosoamine, p. 207). 

Diphenylamine, (CH.).NH, is commercially obtained by heating 
aniline hydrochloride with aniline in a closed vessel to about 240°. 

C,H. NH..HCl + C,H.NH. = C:H,NH.CH; + NH,Cl. 
Aniline hydrochloride © Aniline Diphenylamine 

It is also formed when bromobenzene is heated with aniline and 
‘copper powder (p. 862), or potassium anilide (p. 856) is treated with 
bromobenzene. Heated with phenol and zinc chloride to 260°, aniline 


yields diphenylamine. 
C.H,NHIK E BEIC.H, = C,H..NH.C.H, + KBr. 
Pot. anilide Diphenylamine 
C,H,NH, + C:H;OH = (C,H.).NH + HO. 


Diphenylamine forms colourless crystals (m.p. 54°), insoluble in 
water but soluble in alcohol and ether. A second CsH;- group makes 
it a much weaker base than aniline (p. 351), its salts are decomposed 
by water. The H of the imino group can be replaced by metallic 
potassium (or sodium)—pot. diphenylamine, (C,H.)»NK, is thus obtained. 
Diphenylamine in conc. H,SO, produces a deep blue coloration with 
traces of nitric acid and is occasionally used for its detection. Itis an 
internal indicator in some oxidation-reduction methods (e.g., the 
volumetric estimation of iron with dichromate), and the principal 
stabiliser for smokeless powder (p. 292). It gives an acetyl derivative 
and also forms a nitrosoamine with nitrous acid. Diphenylamine is 
insoluble in dilute acid. For its very high b.p. (802°), it is sometimes 
used in Victor Meyer's apparatus for determining mol. wts. Some dyes 


are made from it. 

Dimethylaniline, C.H.N(CH,)., the simplest mixed tertiary amine 
(p. 860), is a colourless, oily liquid (b.p. 192°). It is a strong base 
(kh, =11 x 107°) due to the presence of two methyl groups (p. 851), 
forming salts with acids. Having no hydrogen in the amino group, it 
cannot form an acetyl derivative. It, however, gives a green nitroso- 
derivative (p. 868) with HNO,, and so, differs from aliphatic tertiary 


amines. With alkyl iodides, it yields quaternary ammonium 


compounds: 
CH..N(CH,). + CHI = C,H..N(CH.).C.HL. . 


Phenyldimethylethyl ammonium iodide 
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Alkyl groups attached to the nitrogen in aromatic amines sometimes 
migrate to the nucleus. For example, methylaniline hydrochloride, 
heated in a closed vessel above 800°, gives a mixture of f and 
o-toluidines. Dimethylaniline behaves similarly. 


NHCH,HCI NH,HCI NH,HCI1 
NC AN EEE 
USO al 
SS HA Ne 
Methylaniline hydrochloride 0-Toluidine hydrochloride CH, 


P-Toluidine hydrochloride 
১১ 


N(CH,),HCI /\ NH.cH,HCI 3 NH..HCI 


CH, H.C 
Dimethylaniline hydrochloride  Methyl.o-{oluidine hydrochloride 2,4-XylidiXe hydrochloride 

Xylidine (b.p. 212°) is thus commercially made for dye manufacture. 
Dimethylaniline also makes some valuable dyes. It forms with aqueous 
hydrogen peroxide dimethylaniline oxide, (CH)(CH,),N—>0, (cf. 
amine oxide, p. 208). 

Triphenylamine, (CH.),N, a purely aromatic tertiary amine, is a 
colourless, crystalline solid (m.p. 127°). Tt dissolves in conc. H,SO, with 
a blue colour. It forms neither quaternary compounds with alkyl jodides 
nor salts with acids. Triphenylamine may be prepared by heatin 
Potassium diphenylamine (or dipotassium anilide, C.H,NK,) ন 
bromobenzene, or diphenylamine with iodobenzene and copper powder. 


Aniline, heated with bromobenzene in Tresence of 
forms both di- and triphenylamine. 8 Mia ES 


(C,H.),NIK + BriC,H, = (C,H 


- s JN + KBr. 
Pot. diphenylamine 


Triphenylamine 


CsH,Br + C,H,NH, = (C,H.),NH 
Bromobenzene Aniline ~ Dip h Br. 


2C.HBr + C.HNH, = (C,H.).,N + 2HBr. 
riphenylamine 


» P. 205). 
C.H..CN + 4H = C.H..CH.NH, 
Phenyl cyanide Benzylamine fb 
C,H..CH.Cl + NH, = C.H.. | 
Benzyl chloride ই Bena 
Benzylamine can also be obtained from 


benzyl formamide, 


C;H,.CH,.CO.NH,, by reacting with and caustic potash 


(Hofmann, p. 208). 


C,H,CH,CONH, + Br, + 4KOH = C,H.CH.NH, + 2 
Benzyl formamide ই Benzylamine KBr + KiCO, + 2H.0O. 


bromine 
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It is a colourless liquid (b.p. 185°, sp. gr. 0°981) with a pungent, 
ammoniacal smell, soluble in water. It is quite a strong base 
(k:= 29 x 10-5), alkaline to litmus (contrast to aniline) and forms stable 
salts with acids. Benzylamine gives the isocyanide test. With nitrous 
acid, it forms no diazo-salt (distinction from isomeric toluidines) but 
yields benzyl alcohol and nitrogen (cf., action of HNO, on methyl- 
amine, p. 204). Itis a dye intermediate. 


C.H..CH.NH;, + HNO; = C.H..CH:OH + N: + BO. 
Benzylamine Benzyl alcohol 


Distinction between primary, secondary and tertiary amines.—This 
is done with nitrous acid (cf, aliphatic amines, p. 209). (1) Primary 
aromatic amines (as salts) form diazo-compounds with nitrous acid at 


low temperature. 
C.H,NH..HCI + HNO, = C.H.NCl + 2H.O. 
Aniline hydrochloride Diazobenzene chloride 
This, on coupling with B-naphthol in caustic soda, gives a brilliant 
red dye. On warming, the diazo-salt decomposes to a hydroxy-deriva- 


tive and nitrogen: 
C.H,N,Cl + HO = CH.OH + N; + HCl. 
Diazobenzene chloride Phenol 
Primary amines alone give the carbylamine test with chloroform 
and alcoholic potash (p. 355); they also yield condensation products with 
carbon disulphide (p. 355). 
(2) Secondary amines react with nitrous acid to produce a nitroso- 
amine, a yellow oil, insoluble in ether. 
(C,H.):NH + HNO; = (C.H.):N-NO + HO. 
Diphenylamine Diphenylnitrosoamine 


j ’ jion.—On warming a drop of the nitroso-compound with 
Be SOR a চি colour developed. With water, Hs turns red 
which changes to blue again on adding caustic soda solution. 

(8) Tertiary amines such as dimethylaniline, react with nitrous 
acid to form p-nitroso-derivatives. But aliphatic tertiary amines do not 
react with nitrous acid (Pp. 208). A purely aromatic tertiary amine such 
5 triphenylamine, (C,H.)sN, does not, however, react with nitrous 


acid. 
N(CH): N(CH): 
| + HNo:= | +80. 
so 
i Jlaniline ঠ 
Dimethy Liat P-Nitrosodimethylaniline 
Amines can also be identified by other reactions. For example, 


nes give the isocyanide test. Primary and secondary 
amines yield acetyl derivatives but not the tertiary. Tertiary aromatic 
amines, having an alkyl group linked to nitrogen, form quaternary 
ammonium compounds with alkyl iodides. Hinsberg’s test for distin- 
guishing between primary, secondary and tertiary amines (p. 211) is 
also applicable to aromatic amines. 


only primary ami 


364 ORGANIC CHEMISTRY 


QUESTIONS 


1. How is aniline obtained? Describe the action of bromine, nitric acid, 
sulphuric acid and nitrous acid on aniline. Compare and contrast the properties 


and reactions of aniline and methylamine. (B.Sc. Pass, 1936, Allahabad Uni., 
B.Sc. 1952, Gaubhati Uni.). 


2. Describe the reactions of nitrous acid with hydrochloric acid solutions 


of primary, secondary and tertiary amines of both aliphatic and aromatic series. 
(B.Sc., London, 1931). 


3. Compare the properties of the following: (a) ethylamine and p- 
toluidine, and (b) o-toluidine and benzylamine. 


4. Starting from aniline, how would You prepare (a) o-toluidine, (b) di- 
Phenylamine, (Cc) P-nitraniline, and (d) sulphanilic acid ? 


5. Describe the properties of arylamines and show clearly the points of 
difference between these and the properties of alkylamines. Give an outline 
of the uses of arylamines. (B.A. Degree Exam., 1942, Madras Uni.). 


6. By what reactions could you distinguish between primary, Secondary 
and tertiary amines? In what respects do the aliphatic amines differ from 
the aromatic amines? (B.Sc. Pass, 1932, Dacca Uni.). 

7. How will you prepare from benzene: (a) benzoic ac 


chloride, (c) aniline, and (d) ‘chlorobenzene? (B.A. Pass, 


id, (b) benzyl 
University). 


1938, Bombay 
8. How is aniline prepared on a large scale? 


He j State its uses. Starting 
from aniline, how would you obtain (a) benzene, (b) phenol, and (c) mono- 
bromo-benzene? (B.Sc. Pass, Calcutta Uni.). 


9. How would you prepare a specimen of acet 
(B.Sc., 1922, Punjab Uni.) 


10. Give an outline of the process of manufacture of iline. 
1936, Punjab Uni.). el ELAS 


anilide in the laboratory i. 


11. You are given a mixture of chlorobenzene, phenol and aniline in 
ether. Describe carefully how you 


f f would proceed in order to Separate the 
constituents of the mixture and obtain each in pure condition. (B.Sc. Degree 
Exam., 1941, Travancore Uni.). 

2A! neutral compound containing Tl1% C, 6:7% H and 104% N, 
Eave, on hydrolysis with conc. HCl, a monoacidic amine, the platinichloride of 
Which had 32:7% Pt. What is its probable structure? Ans. C;H,NH.CO.CH,, 
13. Two compounds 4 and B, each having 63:58% C 596% H 
9:27%N, give benzoic acid on oxidati ri 6 in ন ion 
With a red colour. On reduction. ASO HUE ETS EE 


NV C A yield two amines X and Y¥, Tespec- 
tively. X but not Y can be resolved into optical isomers. What are A EB 
Ans. 


C,H..CH(NO.).CH, : C.H..CH,.CH,NO,. 


CHAPTER XXXVI 
THE DIAZO-COMPOUNDS 


A salt of aniline or any other aromatic primary amine with the 
-NH, group attached to the nucleus, reacts with nitrous acid at low 
temperature and forms a diazo-salt. Aliphatic primary amines give 
no diazo-salt under these conditions but split up into an alcohol and 
nitrogen (cf., action of nitrous acid on methylamine, p. 204). 

C.H..NH..HCI + HNO; = C,H..N..Cl + 2H.0O. 


Aniline hydrochloride Diazobenzene chloride 


This is diazo-reaction, discovered in 1858 by the German chemist, 
Peter Griess (1829-88) while working in Hofmann’s laboratory in 
London. The product is called diazo-compound, for it has the di-azo 
group, -N,- (French azote, nitrogen). It is one of the most important 
organic reactions, technically and in the laboratory—many benzene 
derivatives and azo-dyes are made from diazo-salts. ‘The diazo-com- 
pound is prepared by dissolving the amine (1 molecular equivalent) 
in excess of H,SO, or HCl (2 equivalents) and adding an aqueous 
solution of sodium nitrite (1 equivalent} in the cold. 


Preparation.—Nitrous acid is made in situ from sodium nitrite and dilute 
HCI. Aniline (15 c.c.), dissolved in hydrochloric acid (40 c.c. conc. HCl in 
40 c.c. of water), is cooled to about 5° and an aqueous solution of sodium 
nitrite (125 g. in 30 c.c. of water) is slowly added to it with frequent Stirring. 
If the temperature rises above 10°, the diazo-salt decomposes to phenol. . The 
addition of nitrite is stopped when starch-iodide paper immediately turns blue 
with the reaction mixture, showing the presence of free nitrous acid. The liquid 
turns pale yellow, diazobenzene chloride formed remains in solution. The pro- 
cess is called diazotisation. The aqueous solution is generally employed for 
preparing various benzene derivatives. 

Solid diazobenzene hydrogen sulphate-—Aniline (15 8.) is dissolved in 
absolute alcohol (150 c.c.) and conc. H:SO. (16 c.c.) is slowly added with 
stirring. The solution of aniline sulphate is cooled to about 30° and amyl 
nitrite, C,H;,.0ONO, (20 g.) is added drop by drop with stirring. The tempera- 
ture is maintained between 25°-35° ; when all the amyl nitrite has been 
added, the liquid is allowed to stand for about 15 minutes. It is cooled in 
crushed ice, When diazobenzene hydrogen sulphate, C,H,N:HSO,, separates in 
greenish white crystals. It is filtered at the pump, washed with absolute alcohol, 
and dried by pressing on filter paper, but not in a drying oven. Though quite 
parmless in aqueous solution, dry diazo-salts may explode. Nitrous acid comes 


from sulphuric acid and amyl nitrite. | { 

Constitution of diazo-compounds.—From analysis, a diazobenzene salt is 
C.HN2X, X being an acid radical e.g, CI, NOs, HSO,-, etc. The nitrogen 
Fe চক ং নয X form a monovalent group, because (i) a penta-substituted aniline 
a and (ii) on decomposition, diazo-salts from aniline always 


a diazo-salt, com! % 
Nield mono-substituted benzene derivatives such as CHCl, etc. On reduction, 


; hloride forms phenylhydrazine, C;H..NH.NH.. Two structures 
SE Siz C.H,-N=N-X, due to Kekulé (1866), which readily explains 
ff) BEL FOrMALOR of phenylhydrazine by the reduction of a diazobenzene salt: 

C.HSN=NX + 4H = C.H..NHNH; + HX; 


Diazo-salt Phenylhydrazine 
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(ii) the formation of azo-dyes which contain the group, -N=N- 


CsH;-N=N-X + C,H,OH = CG;H,-N=N-C,H,.OH + HX 
Diazo-salt Phenol P-Hydroxy-azobenzene 


(iii) the existence of two isomeric diazotates formed cn cddinz excess of 


caustic alkali to a diazo-salt. According to Hantzsch (183), tneir isomerism 
is geometrical (p. 337). 


CH.-N দাদ 


KO-N N-OK 
Cis (reactive) Trans (inert) 
(formed in mildly alkaline solution) (formed in strongly alkaline solution) 


The second structure is due to Blomstrarid (1869) who showed close analogy 
between diazo-salts and ammonium salts, and suggested that there must be at 
least one salt-forming or ‘pentavalent’ nitrogen in the molecule. Thus (i) Both 
ammonium salts and diazo-salts are colourless, crystalline, soluble in water 
and insoluble in organic solvents generally. They form similar Platinum and 
gold double salts. (ii) The salts, obtained from Strong acids, e.g., NH,Cl and 
CsH.N,Cl, are neutral; but those from weak acids are alkaline, €.8., Carbo- 
nates, acetates, etc. (iii) Their ionisation constants are Practically the same, 
they dissociate into two ions. They are, therefore, represented as 


ip 
H-NSH, Ea or [CLH:—NSN:] CI 
| 


Cl Cl 
Ammonium chloride Diazobenzene chloride 


That is why diazobenzene salts a' 


Te called diazonium salts. 
(8) that it is the salt of aniline, 


It als i 
but not free aniline, Which is dela bE 
C.H.-NH, + HCI = C.H,-NSH,. 

Aniline 
C1 
Aniline hydrochloride 
El L + RX = GHINEN + 2H.O. 
[| £ (9) 0 
Nitrous acid Diazobenzene chloride 


(li) the easy elimination of nitrogen, and f. j 
benzene from diazo-salts : ormation of mono 


C.H-NSN + OH = C.H.-OH + N + HCI 
|| L Phenol LE 


Diazobenzene chloride 
Infra-red absorption Spectra of 


ই diazoni ind; 
a triple bond in them. But the formation oF aS indicate the presence of 
Phenylhydrazine is better accounted for by Kekulé's co bounds, diazotates, and 


-derivatives of 


3 2 £ ন Constitution. 

With caustic soda, a diazonium Salt gives the hydroxid fin 

dilute solution only; it stabilises itself by salt “ice which exists in very 
reverse reaction occurs : 


formation. With an acid, the 

+ OH" 

[CHN=N:ICr > [CH-NSN_OH] NAOH 2 

Benzene diazonium HCI Benzene diazo hydroxide [C:H,-N =N—OJNa 
chloride Sodium benzene diazotate 

Properties.—Diazonium salts are 

line, readily soluble in water but less Su in cleo OUrless Zn Ee 


ey are unstable 
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and readily yield a variety of produ i i 
CtS W! 
dry salts explode HEE Hn: ESD TRE 
Reactions.—(i) On reduction at l 
§ 1 r 1 ow temperat i 
ere Tr hydrochloric acid, or sodium RE ত 
EE NER Fan) NYGrazne Alkaline stannous chloride NO 
ড to ben: ১২ i 51 i ন L 
AE enzene. With zinc and hydrochloric acid, we get 
C.H..N,Cl + 4H = C.H..N 
Diazobenzene chloride ENE ne 
C.H..N~Cl! + 2H = CH, + N, + HCL 


H H 
GHN,Cl—> CH, NHNH, —> C.HSNH, + NH, 

Nel Warmed in aqueous solution to 40°-50°, di i 
phenol ; the yield is better from the sulphate. If the 5 
strongly acid, the phenol formed couples with the EEO ত 
diazo-salt, and an azo-compound results. ERE 

GH, Ml = CsH,.OH + NN, + HCL 
OH H Phenol 
(if) On heating an absolute alcoholic solution of anhydrous diazo- 


benzene chloride, mixed ethers are produced. 


el 
C,H,O 
By a side-reaction, some of the alcohol is oxidised to aldehyde 
and the diazo-salt reduced to benzene. With methanol, however, no 
benzene results ; the only product is phenylmethyl ether. This reduc- 
tion is better effected by hypophosphorous acid or alkaline sodium 


stannite. An amino group in benzene ring can thus be replaced by 
hydrogen. 


Cl = C.H,.O0.C:H; + Ni: + HCL 
H Phenylethyl ether iphencetole) 


C.H,OH = CH,CHO + 2H. 
Can. N. Cl = CH, + Ni, + HCl. 
Hl \H 


(iv) Phenyl halides are easily obtained by warming diazobenzene 
chloride with (a) cuprous chloride in HCl, and (b) cuprous bromide 
in HBr. Similarly, cyanobenzene is formed when the diazo-salt is 
warmed with cuprous cyanide in aqueous pot. cyanide. The halogen of 
copper halide goes to the nucleus. These are known as Sandmeyer's 
reaction, the mechanism of which is not quite clear. The cuprous salt 
probably first forms an unstable additive compound with the diazo-salt, 
which then decomposes to yield various products. Fluorobenzene is 
obtained by warming diazobenzene chloride with sodium fluoroborate, 


NaBF..- 


Cucl CuBr 
CHN,Cl —? CHCl + N: C:HsN,Cl ——> CsHsBr + N;, 


CuCN 
CHN.CI 7 >CHCN+N, C,H.N,CI+NaBF, —> C.H:F+N,+BF,+ NaCl 


‘In Gattermann's method, fine copper powder is added (instead of a cuprous 
salt) to the acid solution of the diazo-salt—the above reactions then take place 
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at room temperature and sometimes ive better yield. 
important for the preparation of aryl cyanides which cann 
interaction of aryl halides and potassium cyanide. Cyano 
may be hydrolysed to benzoic acid, or reduced to benzy 


The last reaction is 
ot be obtained by the 
benzene thus obtained, 
lamine. 


4H H.O 
C,H;CH.NH, <— C:H,CN > C.H.COOH 
Benzylamine Cyanobenzene Benzoic acid 
(0) Tlodobenzene is, however, best ‘Obtained by adding warm 
aqueous potassium iodide or hydriodic acid to the diazo-salt, no copper 
salt is necessary. The yield is about 80%. 
CsH5N.|Cl + KI = CHI + N, + KCI. 


(ui) On mixing in the cold a solution of bromine in potassium 
bromide to the solution of diazobenzene chloride, diazobenzene per- 
bromide crystals separate, which, On boiling in alcoholic solution,. 
decompose to bromobenzene. With aqueous ammonia, the per- 
bromide yields phenyl azide, C,H,N,. 

C.H.N.|Cl + KBr + Br, = C,H,NBr.NBr: + KCI. 
Diazobenzene perbromide 
C.H.NBr.NBr, = C.H.Br + Br. + N.. 
(vii) Diazobenzene chloride combines wit 
to give thiophenol and phenyl sulphide. 
C,H.N.C1 + HS = C.H..SH + N, + HCl. 
Thio-phenol 
2C,H.N.CI + HS = (C.H.):S + 2N, + 2HCI. 
Phenyl sulphide 

(vit) It reacts with potassium hydroxide solution 
yields potassium diazotate (p. 866). 

CH.N,Cl + KOH = C.H,N.OK + HCI. 
Pot. diazotate 

(ix) With copper powder and ethanol, diphenyl is formed: 

2C,H.N.C1 + 2Cu = CG.H.-C.H, + N, + 2CuCl. 

(x) Diazo-salts react (or ‘couple’) with phenols and other aromatic 
hydroxy-derivatives, in alkaline medium, to yield brilliant azo-dyes 
These reactions are valuable for detecting aromatic Primary Ee - 

$) ত; es 
(cf., detection of aniline, p. 357). 


C.H,N.Cl + C:H.OH = C,H,N=NC,H,OH + HCI. 
Phenol P-Hydroxyazobenzene 
C,H. NCI + CisH,OH = C.H,N=N-C,H,OH 4+ Hl. 
B-Naphthol A scarlet 2z0-dye 
(xi) Aromatic amines form different t 
benzene chloride: (a) dimethylaniline, 
gives dimethylaminoazobenzene: 


C.H..N.Cl + CsH,N(CH.), = CsH.N = N-C,H,-N(CH,), + HCl. 
Dimethylaniline ?-Dimethylaminoazobenzene 


(b) aniline and diazobenzene chloride yield diazoaminobenzene 


(p. 870). 


h sulphuretted hydrogen 


in excess and 


types of products with diazo- 
in presence of dilute acid, 
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C.HN.ICI HIHNC.H, = CG,H,N=NNH.C.H, 4+ HCL 
E : Diazoaminobenzene 
Aliphatic diazo-compounds.—Aliphatic amines cannot be diazotised like 


the aromatic. But esters of aliphatic amino-acids can be converted, with NaNO, 
and HCl in aqueous solution, into highly reactive diazo-esters. 


NH..CH..COOEt + HC! + NaNO, = N.CH.COOEt + NaCl + 2H.O. 
Ethylamino-acetate Diuzo-acetic ester (yellow oil, b.p. 148 ) 
Other aliphatic amino-compounds with the -NH. group linked to a carbon 
having negative groups such as acyl or cyano, behave likewise. 
They have little similarity with aromatic diazo-salts ; they, however, explode 
when heated, and being unstable, easily give away their nitrogen. They react 
with water and iodine as follows : 


N,CH.COOEt + H.O = CH.A(OH)COOEt + N.. 


N.CH.COOEt + I, = CHIL.COOEt AN; 

Diazomethane, CH.N., the simplest aliphatic diazo-compound, is a yellow, 
odourless but extremely poisonous gas. It is Obtained by treating methyl- 
urethane with nitrous acid in ethereal solution, followed by warming with 
caustic potash. The first reaction is similar to that of secondary amines (p. 207): 


HNO, KOH 
CH,NH.COOEt ——> CH.N(NO)COOE: > CH.N, 


Methylurcihane Nitruso-nicthylureihane Diuzomethane 


By passing nitrous oxide into a solution of methyl-lithium in ether and 
treating the mass with caustic potash solution : 
CH.Li + N.0 —> CH,N=N.OLi —> CH.N;, + LiOH 


Diazomethane, in ether solution, is a methylating agent ; with hydroxy- 
compounds, it produces esters or ethers with liberation of nitrogen. It reacts 
with iodine, halogen acids, hydrocyanic acid, etc. with evolution of nitrogen. 
Sodium amalgam reduces it to methylhydrazine, EEE (cf., formation 


of phenylhydrazine, p. 365). The ring structure, cH is ruled out as 
[) 


ical methods e.g. electron diffraction studies and infra-red Spectra measure- 
BET AON that C—N—N is linear. It is believed to be a resonance hybrid 
(which accounts for its small dipole moment) : 


ISL Efe) - + ক ৰিশ= 
CHEN NES VER NEN: CS CH.=N=N : 


Phenylhydrazine, C.H,NHNH,, Was first made by Emil Fischer 
by treating a diazo-salt with neutral sodium sulphite and then with 
hydrochloric acid and zinc dust. The following method is due to 
Victor Meyer. : - 

Preparation.—Aniline (10 c.c.) dissolved in HCI (25 c.c. of conc. HCI! and 
25 c.c. of water) is diazotised with sodium nitrite (9 gs. in 90 C.c. of water). 
The ‘diazobenzene chloride solution is cooled. and a Solution of stannous. 
chloride (50 2.) in conc. HCI (100 c.c.) is slowly added. A thick, white ppt. 

f Dhenylhydrazine hydrochloride separates. This is filtered off at the pump, 
9 hed with a little conc. HCl and decomposed With an excess of caustic soda. 
Lt Ihydrazine separates as a dark-brown oil Which is extracted with ether 
bn Ete: The extract is dried with solid caustic ‘Potash. The solvent is 
Gistilted off at reduced pressure, and the pure product is obtained by distillation 
eh low pressure. Sodium sulphite may be used instead of stannous chloride 
as a reducing agent. ER j H 

Properties. —Freshly distilled phenylhydrazine is a pale yellow 
cil (d, 110) which gradually turns brown due to oxidation On exposure 


24 
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2 i i light decomposition at 241°. 
ir. It melts at 28° and boils with slig ) 1 
IL Ea n0se insoluble in water, but soluble in common organic solvents. 
I is strongly basic and forms white, crystalline salts with acids. 
Phenylhydrazine is a poison, it causes eczema on frequent contact with 
the skin. It is a strong reducing agent, it reduces Fehling’s solution in 
old: 

LT C.HNH.NH, + 2CuO = C,H, + CuO + HO + N.. 


The same change is brought about by heating phenylhydrazine 
with copper sulphate or ferric chloride solution. Benzene may thus be 
Obtained from aniline or nitrobenzene. The reactions of phenylhydra- 
zine with carbonyl compounds such as aldehydes (p. 129), ketones 
(Pp. 188) and simple sugars (p. 275) are important. p-Bromo- and 
fp-nitro-phenylhydrazine give hydrazones which Are more easy to 
crystallise and also less soluble. Powerful reducing agents such as 
zinc dust and HCl, convert phenylhydrazine into aniline and ammonia. 


The constitution of phenylhydrazine follows from this and its formation 
from a diazo-salt. 


Antipyrine and some dyes are made from Pphenyl- 
hydrazine. 


Diazoaminobenzene, C.H..N=N.NHC,H,.—As already mentioned, 
diazonium salts react with primary or secondary aromatic amines to form 
diazoamino-compounds. When aniline is added to diazobenzene 
chloride in equimolecular proportion, di 


azoaminobenzene separates in 
“fine, golden yellow needles. These are filtered, Washed with water, dried 
and re-crystallised from benzene, Sodium acetate accelera 


ates the reaction 
by neutralising the hydrochloric acid formed. 


C,H..N:iCl + HIHN.C.H, = CH..N=N.NH.C,H, + HCI. 
Diazoaminobenzene 

With excess of diazo-salt, a di-substituted compound, 
(CiH,N.),N.C,H,, is formed. When sodium nitrite acts on excess of 


aniline hydrochloride in aqueous solution, diazobenzene chloride formed 
reacts with the unchanged anil 


ine to give diazoaminobenzene. It has 

two forms, melting at 80° and 98°. It explodes on heating rapidly. It is 

slightly soluble in water but readily soluble in alcohol, ether and 

benzene. It is a feeble base, and is hydrolysed to phenol and aniline 

on prolonged boiling with water and more easily by boiling dilute H,SO,. 

C.H..|[N=N.NH.C.H, = C,H..NH; + N; + C,H..OH. . 

OH H Aniline Phenol 

Sodium nitrite and excess HCl convert it into a diazo-salt: 

C:H,N=N.NHC,H; + HNO, + 2HCI = 2C,H.N.CL 4 2H.0. 
Diazoaminobenzene Diazobenzene chloride 

P-Aminoazobenzene, CH,N=NC,H,NH 
zene in aniline solution is warmed to about 40° for a short while with 


a little aniline hydrochloride, f-aminoazobenzene is formed (cf. forma- 
tion of p-toluidine from methylaniline, p. 362) 


2.—When diazoaminoben- 


DD => I DN=N<C Ss, 


Diazoaminobenzene 


@-Aminoazobenzene 
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. The mechanism of the change is obscure; it is believed to be 
intermolecular and proceed as 


C,H:NH-N=N-C,H; + HCl > C.HN,Cl + CL,H,NH, 
C.H,N,Cl + CLH,NH, —> C,H,N =N-C.H.NH, + HCI 


“Aniline hydrochloride, the catalyst, supplies the proton ; the diazonium 
ion, in acid solution, reacts at the p-position of aniline or the o-position 
(but more slowly) if the para is occupied. On adding HCl, p-aminoazo- 
benzene hydrochloride separates in steel-blue needles. The free base is 
liberated with dilute ammonia. From alcohol, p-aminoazobenzene 
crystallises in orange-red plates (m.p: 127°). It is also obtained by 
nitrating azo-benzene, C;H..N=N.C,H,, and reducing the p-nitroazo- 
benzene, C,HN =N-C,H,NO,, formed with alcoholic ammonium sul- 
phide. It is thus an amino-derivative of azobenzene. P-Aminoazo- 
benzene is the parent substance of chrysoidine dyes. Manganese dioxide 
and sulphuric acid oxidise it to p-benzoquinone, O:C;H,:O. On reduc- 
tion with tin and HCl, it decomposes into aniline and P-phenylene- 
diamine, which supports its constitution. 


CsH..N = |N.C.H,.NH: = CsH;NH, + NH,-C.H.-NH.. 
2HI2H @-Phenylenediamine 
7-Aminoazobenzene 


QUESTIONS 


1. How can you obtain (i) benzene from nitrobenzene, (ii) benzylamine 
from aniline, (iii) thio-phenol from aniline, (iv) aniline from phenylhydrazine, 
(v) phenylhydrazine from benzene and (vi) benzoic acid from benzene? 

2. Describe how you would prepare a diazo-solution starting with 10 se. 
of aniline. How would you use such a solution to prepare (a) benzo-nitrile, 
(b) phenylhydrazine, (c) benzene-azo-dimethyl aniline? B.Sc. London. 

3. Indicate by an equation or equations, the process which is thought 
to occur When an aromatic base, R-NHi, is diazotised. Classify the uses 
to which diazo-compounds may be put, give examples of each reaction. B.Sc., 
London. 

4. What do you understand by diazotisation? Show how with the help 
of this reaction various substituents can be introduced into the benzene 
nucleus. B.A. & B.Sc., 1938, Bombay Uni, 

5. Discuss the constitution of aromatic diazo-compounds. B.Sc., Hons., 
1934, Dacca Uni. t = 

6. Describe briefly the reactions which go after the names of (a) Fittig, 
{b) Friedel-Crafts, (c) Sandmeyer, and (d) Liebermann. B.Sc., Pass, 1931, 
Allahabad Uni. 8 k * 

J. Give the essential practical details for the diazotisation of aniline. 
Indicate by equations, the main reactions of diazonium compounds. B.A. 
Pass, 1937, Bombay Uni. f 

8. What are the conditions necessary for the preparation of diazonium 
salts? Starting with an aqueous solution of diazobenzene chloride, how 
may the following be prepared : (a) benzene, (b) phenol, (c) benzoic acid, 
(d) phenylhydrazine, and P-amino-azobenzene? B.Sc. Degree Exam., 1942, 
Annamalai Uni. ী ৰ EE l 

9. How is benzene diazonium. sulphate prepared? Give its properties 
and reactions. Discuss its constitution and give its uses. B.Sc., 1941, Agra 
Uni. : B.Sc. Exam. 1945, Benares Hindu_Uni. ee) 

10. What are diazo-comnounds? Indicate their importance in industry 
and in synthetic chemistry. B.Sc. Exam. (Principal paper) Bombay Uni. 1947. 


CHAPTER XXXVI 


THE AZO0-COMPOUNDS 


- unds, a -N=N- group links up two aromatic nuclei. 
ETT EL Dbendehe; CH —N=N CH, ; EE EE 
C.H,-N=N-C,H,NH,, is another (p. 870). These are much more stab: 
Chan) diazo-compounds due to the linking of the i ০ to. 
different benzene rings. They include the CE azo-dyes anc a 
commercially important. Prontosil, once a valuable drug, is an azo-dye 
obtained {from p-aminobenzenesulphonamide. 


Azoxybenzene, C,H,-N=N-C,H,, is prepared by refluxing for 
Y 


several hours atone ন sodium dissolved in large excess of 
methyl alcohol. On distilling off the alcohol from water-bat C 
benzene is obtained as an oil which solidifies on cooling. It is purified 
by re-crystallisation from Petroleum ether. Sodium arsenite or aqueous 
glucose in presence of alkali may also be used for reduction. 


4C,H,NO, + 3CH,ONa = HERE NL: + 3HCOON:a + 3H.0. 


-bath, azoxy- 


O Azoxybenzene 


Alkaline reducing agents convert nitrobenzene to nDitrosobenzene 
which, on turther reduction, readily gives Phenylhydroxylamine. These 
two condense, in presence of alkali, to form azoxybenzene. 


C,H,NO + C,H, NHOH —> JURE ERs + H,0 


Nitrosubenzene Phenylhydroxylamine 
O Azoxybenzene 


Azoxybenzene in good yield is also obtained by oxidising aniline 
with peracetic acid. It forms Pale yellow needles (m.p. 36°), insoluble 
in water, but soluble in ether, alcohol and many other organic liquids. 
A second form, obtained by reduction of nitrosobenzene with agqucous- 
alcoholic caustic potash, melts at 84°. These are cis-trans isomers. 
On reduction,  azoxybenzene first forms  hydrazobenzene, 
C,H,-NH-NH-C,H,, and finally, aniline. In Warm, conc. H,SO,, by 


molecular rearrangement, P-hydroxyazobenzene, the Parent substance of 
acid azo-dyes, results. 


CH—N=N—C.H, —> C,H,—N= N—C.H,.OH 
Y P-Hydroxyazobenzene 
Since P-bromoazobenzene,  C,H.BEN= N—CH,, 


hydrogen peroxide in presence of acetic acid, yields two is 
azoxybenzenes, it is incorrect to represent azoxybenzene as 


On oxidation with 

OMmeric monobromo- 

CH —N—N—C,H,. 
NA 


Azobenzene, CIH;-N=N-C.H., is made b 
with three times its weight of iron filings. It is p 
from petroleum ether ; azobenzene f 
frecly soluble in alcohol and ether, 


y distilling azoxybenzene 
urified by recrystall:sation 
TMs oranze-red plates’ (m.p. 68°), 
but insoluble in water. It is more: 
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conveniently obtained by reducing nitrobenzene with zinc dust and 
caustic soda, or an alkaline solution of stannous chloride (Pp. 847). Azo- 
benzene exhibits cis-trans isomerism ; the unstable cis form (m.p. 71°) is 
obtained from ordinary azobenzene in light petroleum in presence of 
ultra-violet light. 

2C.H,NO, + SH = C.H,-N=N-C.H; + 4H,O. 

Nitrobenzene Azobenzene 


Nitrosobenzene in alcoholic solution reacts with aniline on warming and 
readily forms azobenzene (cf., formation of benzylideneaniline, Pp. 355). 


C.H,NIO 4- H.INC,H, = CLH,-N=N-C.H. + HO. 
Nitrosobenzene Azobenzene 


With alkaline reducing agents such as ammonium sulphide, or 
zinc dust and caustic soda, azobenzene forms hydrazobenzene, 
C,H. NH.NH.C,H,. Acid reducing agents, e.g., zinc dust and acetic 
acid, SnCl, and HCl, etc., convert azobenzene into aniline. Azobenzene 
may be oxidised back to azoxybenzene with hydrogen peroxide in glacial 
acetic acid. Azobenzene is a coloured substance but not a dyestuff. 


Hydrazobenzene, C.H.-NH-NH-C,H,, is prepared from azo- 
benzene with alkaline reducing agents, or directly from nitrobenzene 
with zinc dust and hot aqueous caustic soda. The process is continued 
until the liquid becomes colourless. From the filtered solution, hydrazo- 
benzene separates in colourless plates (m.p. 181° with decomposition). 
Mercuric oxide, sodium hypobromite or ferric chloride rapidly oxidises 
it to azobenzene; in air, it slowly turns orange due to oxidation to 
azobenzene. Acid reducing agents, e.g. SnCl, and HCl, or sodium 
am readily converts it into aniline. On heating alone, it forms 


amal t 
g aniline—one molecule hydrogenates another: 


azobenzene and 
HC —N|H  HN—CAH, _ RCN RNC, 


eb = 
H,C,—N!H HN-—C.H: H,C,—N H.NC.H, 
Hydrazobenzene Azobenzene Aniline 


When hydrazobenzene is slowly heated to boiling with moderately 
strong HCl, an intra-molecular change occurs, the benzene nuclei 
become turned, end for end, bh -diaminodiphenyl or benzidine (as 
Jivdrochloride) is formed with a little op -diaminodiphenyl. This 
remarkable change is known as benzidine conversion (cf., formation of 


f-aminoazobenzene, Pp. 870, and of p-toluidine, p. 862). 


PATH LATED AAAS LLNS 
CARE DEN CMD SE 


Hydrazobenzene Benzidine 


Hydrazo-compounds undergo this change if the P-position ae 
Fe Tf, however, one has a substituent, a partial conversion, known as 
EL, 


semi-benzidine or semidine conversion, Occurs ; ¢@.g., 


ES NH—HN-K DO UNC NHK N.cH, 


P-Amino-p-methyldiphenylamine 


p-Methylbyd razobenzene 
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Benzidine which has a demand for azo-dyes, is made in one stage 
from azobenzene with tin and strong HCl. Hydrazobenzene, first 
formed, undergoes benzidine conversion. Benzidine forms colourless 


crystals (m.p. 127°), practically insoluble in water ; it dissolves in dilute 
HCl] as the hydrochloride. 


The azo-dyes.—A dye is a substance that can impart a coloration 
to a fabric by fixing itself to the latter so that the colour is not removed 
by washing with soap and water, or by friction. A coloured substance 
is not a dye unless it fulfils these conditions. Azobenzene is coloured, 
but cannot adhere to a fabric. A dyestuff may dye one type of fabric 
but not another. For example, picric acid dyes silk or wool a permanent 


yellow, but not cotton. Practically all dyestufls are aromatic compounds; 
some 1500 are in use. 


The relationship between colour and constitution is a fascinating 
topic in organic chemistry, but cannot be fully discussed here. From a 
study of many coloured compounds, it has been discovered that certain 
groups are responsible for the colour. These are called chromophores 
(chroma colour, phoros bearer) or colour-bearing groups by O.N. Witt 
(1876). The most important chromophores (which are usually unsatu- 


rated) are -NO,, -N=N-, -N=0, >C=5S, >C=C<, = KD, etc. 
Azobenzene, CSH,-N=N-C,H,, is coloured because it contains the 
chromophore, -N=N-; hydrazobenzene, CLH,-NH-NH-C H., is colour- 
less as it has none. Benzene apparently containing three’ chromophoric 
groups (>C=C<) is colourless. A compound with a chromophore 
coloured or not, is called a chromogen. Azobenzene is a chromogen. 
For a chromogen to function as a dye, certain other froups are neces- 
sary. These are known as auxochromes (uuxo increase, chroma colour) 
or colour-helping groups which only deepen the colour, but’ ca 
impart colour by themselves. c 


nnot 
The most effective auxochromes are “NH, 


and phenolic -OH ; others are “NHR, -NR,, -COOH, -HSO,, etc. Auxo- 
chromes are either acidic or basic and are, therefore, salt-forming. 
A) confer affinity for many fibres and make a dye acidic or basic. 

ZO-dyes are mostly sulphonic acids ; so they are largely acid dyes. A 
dye should contain both a chromophore and an auxochrome, e.g 
P-amino-azobenzene, < LANES )NH, and p-hydroxyazo- 


LZ ETN 
benzene, IN DNN-SD OH, have the chromophore -N=N- 
and the auxochrome -NH, or -OH. Azobenzene is not a dye, it has be: 


auxochrome. Since dyes are generally applied in aqueous solr 
should be soluble in water. Many are SUPBOnEte dS the aa ied 
the sulphonic acids are readily soluble in water. 


Aromatic azo-compounds having -N=N- are all col 2 
methane, CH, N=NCH,, is colourless). They are CHORE 
capable of being converted into dyestuffs by the 


introduction of auxo- 
chromes ; azo-colours are thus produced. This is usually done by 
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‘coupling’ them with amino- or phenolic bodies which contain auxo- 
chromes. The azo-dyes represent the largest group of synthetic dyes ; 
their number almost equals the total of other dyestuffs. They COLSE 
wool, cotton and silk as also linen, paper, etc. They are obtained in any 
shade. Diazonium salts combine with primary or secondary aromatic 
amines to form diazoamino-compounds which are coloured (p. 870) but 
not dyestuffs, having no auxochromes. With tertiary ‘mixed’ aromatic- 
aliphatic amines or with phenols (compounds containing -OH group 
attached to the benzene ring), diazonium salts react to give azo-dyes. 
The reaction is technically called ‘coupling’. 


Production of azo-dyes.—The solution of a diazonium salt is cooled with 
ice, and slowly run into cold, alkaline solution of a phenol or its sulphonic 
acid. The reaction mixture should be slightly alkaline during coupling, as 
liberated hydrochloric acid hinders the process. The azo-dye is salted out with 
common salt, freed largely from water in a filter press, dried and ground. It 
is also sold as a paste. Coupling with aromatic amines is done likewise; a 
concentrated solution of the diazonium salt is added to the amine in slightly 
acid solution. Sometimes an alcoholic solution of the amine is used. During 
coupling, the azo-group, as a rule, enters the -position with respect to the 
-OH, -NH, or substituted amino-group. If the P-position is occupied, it goes 
to the o-position. And if both 0- and P-positions are substituted, no coupling 
takes place unless the azo group can displace the para-substituent ; it never 
enters the meta-position. A diazonium salt can couple with aromatic amines 
and phenols containing diverse substituents—thus giving rise to a very large 
number of azo-dyes. 

The simplest azo-dyes are yellow. On introducing alkyl or phenyl groups, 
and on increasing the mol. wt., their colour changes through orange and red 
to violet and blue. The best azo-dyes are made from naphthalene derivatives. 
The shade of the dyestuffs deepens with increase in the number of azo groups. 
A second or third azo-group may. be introduced into the mol. of the mono-azo 
compound (coupled with a primary amine). by further diazotisation and 
coupling. The azo-dyes are sometimes made in situ i.e., on the fabric itself, 
by steeping it in an alkaline solution otf the phenol, drying the fabric, and 
then passing it through a cold solution of the diazonium salt. 

Chrysoidine, diaminoazobenzene, C,H.-N=N-C,HA(NH.):, is made by 
g diazobenzene chloride with m-phenylenediamine in molecular propor- 
tions. The hydrochloride, an orange-red dye, is fairly soluble in water; it 
dyes silk and wool directly, and cotton soaked in tannin (mordanted) an 


orange-yellow colour. 


couplin. 


VAHL 
(১ম, =< মলম _ ONH.HC. 


m-Phenylenediamine Chrysoidine 


Bismarck brown is prepared by treating the hydrochloride of m-phenylene- 
diamine with nitrous acid, one amino group of the diamine is diazotised, the 
diazo-compound then couples with the unchanged diamine, giving a brown 

dye, triamino-azobenzene or Bismarck: brown. Traces of nitrous acid or 
aZO-CY ‘are thus detected and colorimetrically estimated in water-analysis. 
BIT is a mixture of hydrochlorides of (i) and (ii). The dye imparts 


5 ‘ck brown 
EEE and mordanted cotton a dark brown colour. 


Ce nn 


Diazobenzene chloride 
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HAN 


AREAL LOAMDSEN EN LIMES 
UTE PANN 7 NH, El 


ethyl oran. dimethylaminoazobenzenesulphonic acid or helianthin is made 
by EES BU Hanilie acid (aniline-2-sulphonic acid) with HCl and NaNO, 
in the usual way and coupling the diazonium compound formed with dimethyl- 
aniline hydrochloride. The sodium salt of the resulting azo-compound forms 
orange-yellow crystals and is known as methyl vranye. It is fugitive and so 
seldom used as a dye; it is an indicator in volumetric 


analysis. The yellow 
colour of the aqueous solution is turned red by acids due to the unionised 
sulphonic acid which is red, the anion is yellow (pH range 3-1-4-4). 


FOS DN.c1+K NCH), —> HSC NN De) 


Dimethylaniline Methyl orange 


Biebrich scarlet is Produced by diazotising aminoazobenzenedisulphonic acid 
(obtained by sulphonating aminoazobenzene) and coupling the resulting com- 
Pound with B-naphthol in caustic soda. It is used in medicine ; it dyes wool 
Scarlet. 


HO 
LOGAN L Et RE 
nos > LSE ES 
ME 


Biebrich scarlet 
Resorcin yellow is made by diazotising sul 
compound formed with resorcinol in caustic sod: 


Phanilic acid and Coupling the 
Which is generally used mixe 


* The sodium salt is the dye, 
d with other similar dyes. 8 


ROS< _D-N=N—{ on 
EY En 


Resorcin yellow 


ৰ Congo red is prepared by diazotising benzidine and cou ling with o-naph- 
thionic acid. € Sodium salt dyes cotton directly. It is Hae USERS a 
indicator, mineral acids turn it blue (PH range 3:0-5-0). 

} HO,S SO,H 
HNZ NEN CHEECH NSN—GH, LS! 


ios 
Congo red \NH, 


Congo red is a Stronger acid 
change its colour. Congo red pa 
organic and mineral acids. 


Butter yellow, ?-dimethylaminoazobenzene, is a basic azo dye Obtai 
coupling diazobenzene chloride. with dimethylaniline. SEE HSE 
and used to colour butter Substitutes T 


‘our bt ites and oils. Orange IH, a com 7 
is made by diazotising sulphanilic acid and ing -' ia7hs 5 


than methyl orange. 


1 | Only strong acids Can 
Per 1s sometimes used 


to distinguish between 


P-naphthol. 


ee, 2 HO 
< ON=N<C N(CH, HOC DNR 
Butter yellow ক 


Orange TL. NL 
Methyl red, an acid-base indicator, is made b i চ) 
anthranilic acid with dimethylaniline in prese } coupling diazotised 


I nce of hydrochlori j ঢ় 
colour it rose red, alkalis yellow. ; crochloric acid. Acids 


THE AZO-COMPOUNDS 377 


_—S00H TED A 
< ON=N-< ONC. 


Methyl red 


With acid reducing agents (e.g., tin and HCl), an azo-dye mok < 
at the double bond of —N=N—, giving the original Aine Brae 
“derivative of the second component, used in coupling. Methyl orange thus 
“decomposes into sulphanilic acid and dimethyl-p-phenylenediamine : 


LANE ENE LMS NCCE 
HOS NE DN(CHY,— 


HOS NH, + RNC N(CH. 
Sulphanilic acid Dimethy!-p-phenylenediamine 

Dyeing.—Dyes are generally divided into four groups according to 
their mode of application: 

(i) Direct or substantive dyes are applied by simply immersing the 
material in a hot aqueous solution of the dye; they attach themselves 
directly to it. Azo-dyes, as a rule, dye silk and wool directly and are, 
therefore, direct or substantive dyes for them. These, being protein 
fibres, are amphoteric (p. 805). They combine with acids as well as 
bases and so can be dyed directly by dyes having auxochromes, “NH, 
and -OH. The dye becomes insoluble due to chemical action. Materials 


to be dyed take up more dyes from the solution in presence of ass:stants 
such as sodium chloride, which reduce the solubility of the dye. 


(ii) Indirect, adjective or mordant dyes fix themselves on the fabric 
in presence of mordants (mordere to bite) which are deposited on the 
material to be dyed beforehand. The dye and the mordant deposit an 
jnssluble, coloured compound on the material. Iron, aluminium and 
chromium acetates (which deposit the oxide or hydroxide on subse- 
quent steaming) are common mordants for acid dyes. Tannic acid is 
employed for basic dyes. For cottcn and linen which are practically 
neutral, a mordant must be used with most azo-dyes which are, there- 
fore, indirect for cotton. In both (5) and (ii) physical action due to 
surface adsorption plays an important role. Congo red is thus adsorbed 


by unmordanted cotton. 

(iif) Ingrain dyes are developed by chemical action on fibres. An 
azo-dye can be formed on the material by dipping it in the alkaline 
solution of a phenol and then passing It through a solution of a diazo- 
salt (p. 875). Naphthol colours (or Brenthols) belong to this group. 
They are quite fast and applied to, cellulosic fibres. Aniline black is 
deposited on the fibre likewise by oxidising aniline hydrochloride in situ 


with potassium chlorate. 
(iv) Vat dyes which are insoluble in water, are rendered soluble by 


alkaline reducing agents such as sodium hyposulphite. The fabric is 
dipped in this solution (which may not be coloured) and the original 
‘colour re-generated on the fibre by subsequent oxidation. This was 
formerly done in vats by fermentauon, whence the name. Indigo is an 
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important vat dye. Vat dyes, 
quite fast. 


Dyes are also classified according to their ch 
acid dyes, basic dyes, azo-dyes, sulphur dyes, 
quinoline dyes, anthraquinone dyes, etc. 


Sulphur dyes, containing sulphur, are soluble in aqueous sodium 
sulphide. They are applied to cotton and other vegetable fibres from 
this solution more or less like vat dyes. The dye is regenerated by oxida- 
tion with air or aqueous potassium dichromate. These are generally 
cheap and very fast to washing. 

In recent years, a novel way of dye fixation has be. 
Cationic dye is first combined with a reactive Organic compound eC, 
cyanuric chloride, which then chemically 1 
-OH Sroups of cellulose, forming an ‘ether. Their exce 
is due to this chemical union. ‘Procions’ of LCT 


C.dye 


mostly applicd to cotton or linen, are 


emical constitution, e.g, 
triphenylmethane dyes, 


PVE N__C.dye 
E lc:e OH CIEL E ১ —> CALC + HCI 
N° C.dye N Cdye 
QUESTIONS 


What products Can be obtained by 


- % the reduction of nitrobenzen 
different conditions ? 


Give essential details and also 


2. Describe the Preparation of methyl 
1936, Punjab Uni. 


3. How would 
ing agents upon it ? 


2) Starting from 
(i) azobenzene, (iii) ami 


Ce Under 
equations. AIC, 1940. 


You prepare azobenzene ? What is the action of reduc- 


benzene, how could you Obtain (i) aZoXybenzene, 
no-azobenzene and (iv) benzidine ? 

5, Classify the Various dyestuffs. What is meant by an acid Or a basic 
dye? What are mordants ? 


6. Discuss briefly the relationship between colour and con: 
examples in Support of you 


nitrobenzene by 


€ substances Which ma 
Annamalai Uni. 


i Y be prepared from 
aArious conditions. B.Sc. Degree Exam. 1941, 


) , (b) chromophore, 
(C) auxochrome, (d) ch lakes. Give examples. B.A 
egree Exam., 1941, Madras Uni. 


CHAPTER XXXVIII 
THE SULPHONIC ACIDS 


Aromatic hydrocarbons differ from the ali ic i i 
C phatic in th jl 
towards conc. H.SO, (p. 815). Benzene {forms EE EE ন 
when heated with conc. H,SO,, one of the H atoms being replac db 
the sulphonic group, -SO,H. Neutral SO, (present in pure H SO 
slightly aqueous H,S0O,) rather than the cation, HSO, +t (formed b TE 
ionisation of H,SO,) is now regarded as the active sulphonatin 2 nn 
a: process, known as sulphoziation, is similar to nitration (p. 345) SoH 
of the acid apparently combines with a hydrogen of b ঠ er: 
benzenesulphonic acid being formed. IE A AS 
C.H,-[H + HOISO,H === C.H..SOsH + HO 


Benzenesulphonic acid 


Aromatic compounds in general, €.g., hydrocarbons, amines, acid: 
thus be sulphonated with conc. H:SO,. CP LOFOSTIPROAE Ee 


etc. can 
excess of this reagent gives benzenesulphonyl 


CCl, solution is also used ; 
chloride, C,H,SO:Cl, mainly. 
C.H.IH + CHSOA(OH) = C,H..SOsH + HCI. 


Benzene Chlorosulphonic acid Benzenesulphonic acid 
C,H..SOsH + CISOsH = C.H,SO;Cl + H:SO.. 


The number of -SO,H groups entering the nucleus depends upon 
the concentration of the acid, temperature and nature of the compound. 
Mercury, mercuric sulphate or iodine accelerates the process. In 
benzené, a maximum of three such groups can thus be introduced ; 
benzene di- and trisulphonic (1:8:5) acids are obtained by heating 
benzene with fuming sulphuric acid to 200° and 800° respectively. 
The -SO,H group being meta-directing (p. 882), m-benzene-disulphonic 
acid is chiefly formed (together with some para-) on further sulphona- 
tion. —CH., =OH, _NH,, etc. groups activate and —COOH, —NO, 
and —SO,H groups de-activate the benzene ring and make sulphona- 
tion easier or more difficult (p. 382). During sulphonation with fuming 
H,SO,.a little sulphone results, which unlike sulphonic acid is insoluble 
in water and easily removed. 

C.H.SO;H + CeHs + SO, = C,H;—SO:—C,H; + H.SO.. 
Diphenyl sulphone 
_The aromatic sulphonic acids are colourless, crystalline, 
nd generally hygroscopic. They are quite 
d in aqueous solution, and have a sour 


Properties. — 
highly soluble in water a 


strong, being completely ionise 
RL Their salts including Ba, Ca and Pb salts are soluble in water ; 
hem from sulphuric acid with baryta. Sul- 


us to separate t 
slowly hydrolysed by boiling water in excess but rapidly 


under pressure at 150°. Benzenesulphonic acid 
are relatively non-volatile; some, 
Fused with 


this enables 
phonic acids are 
by conc. HCI c 
thus yields Benzene. These acids 
however, distil without decomposition at low pressures. 
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KOH, sulphonic acids give phenols (phenol is thus manufactured) and 
‘when distilled with KCN, aromatic nitriles arc formed. Fusion of 
CH,SO,Na with sodamide gives aniline. OH, -CN (and hence 
-COOH) groups can thus be introduced into the aromatic nucleus. 
C.H..SO,H + 3KOH = C.H,OK + K:SO, + 2H.0O. 
Pot. phenate 
C.H..SO:K + KCN = C,H..CN + K.SO.. 
Benzonitrile 
C.H.SO,Na + NaNH, = C.H,NH, + Na.SO.. 
Aniline 
‘With phosphorus pentachloride, sulphonic acids or thei 
sodium salts produce sulphonyl chlorides. 


C.H..SO.OH + PCI, = C.H,SO.Cl + POCI, + HCL 
Benzenesulphonic acid Benzenesulphony! chloride 

High solubility of sulphonic acids and thei. 

in the dye industry. Many insoluble dyes are rendered Water. 


by sulphonation. Coal-tar benzene may be freed from thiophene with 


conc. H,SO, ; thiophene is more readily sulphonated than benzene. 


T anhydrous 


Benzencsulphonic acid, C,H.SO.H, is prepared by refluxing on a Sand-bath 
benzene (1 part) and conc. H.SO, (2 parts) until all the b i V 


> is C Pc Powdered BaCoO,, Unchanged 
sulphuric acid is precipitated as BaSO,. On concentrating the filtrate, the 


barium salt crystallises. The free acid is liberated with conc. H.SO, ; on 
evaporating the filtrate from a Water-bath, benzenesul i i 


5 ls. of HO (m.p. 43-440); 
the anhydrous acid melts at 51°. PbCo, may ন 
Temoved with H.S to get the free acid. The sodium 


the acid into brine, sodium benzenesulphonate is salted out. or b 1 
Na,CO, to the barium or lead salt unti i ion i AE 


mplete ; 
Solution is concentrated to crystallisation. Pete ; the filtered 
C,H.SO,H + Nacl = C.H.SO,Na + HCI. 
The acid (k, = 2x 107!) is almost as strong as H.SO, ; it is hi. 
soluble in alcohol and water. Benzcenesulpt 


esterify directly, but the acid chloride and alc 
in presence of caustic soda, 


H ghly 
Onc acid is difficult to 


Ohol readily give the ester 


Constitution.—From analysis, benzenesulphonic acid is C,H,SO;,. The 
formation of monosubstituted benzenes such as benzonitrile, 


L d T t Phenol. etc., from 
it shows that C.H.- is intact in benzenesulphonic acid, C.H.(SO,H). PCL 


Teplaces an -OH by a Cl atom, producing benzenesulphonyl Chloride, 
C,H.SO,C! (cf., formation of acetyl chloride from acetic acid. p. 152). enzene- 
Sulphonyl chloride, when reduced with zinc dust and H.SO,, first yields su 


1lphinic. 
acid and ultimately, thio-phenol or phenyl mercaptan ; this, on Oxidation, ives, 


H H [9) 
C.H.SO.Cl sy C.H:.SO.H —> C.H..SH _> CH.SO.H 
Benzenesulphonyl chloride Sulpkinic acid Thio-phenol 


Benzenesulphovic acid 
Sulphur is thus directly linked to the nucleus. 


Hence benzenesulphonic 
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SN 
acid is C.H,.SO.OH or < 2} 
6 . 
m-Benzenedisulphonic acid, C.H.(SO,H) is made by heati 

j (SO,H)., eat: ene Wi 
a excess of fuming H.:SO, at 200° ; a little -p-isomer SUE EO 2 
longed heating witn conc. H.SO,, the m-isomer is transformed into the ih 


resembles the monosulphonic acid. On fusion with potash, both i j 
m-dihydroxybenzene or resorcinol, C:H.(OH).. BAG 4S U4 9 LEH 


C.HASO.K): + 2KOH = C.H.(OH); + 2K:SO.. 


On sulphonation, toluene yields, more readily than benzene, o- 
and p-sulphonic acids which are used in making saccharin and chlor- 
amine T (a powerful antiseptic) respectively. Aniline forms mainly 
p-aminobenzencsulphonic acid or sulphanilic. acid, NH,C,H,SO,H, 
which gives methyl orange (p. 876). Sulphanilic acid is also obtained 
{rom aniline sulphate (p. 356). 

Benzenesulvhonyl chloride, C,H.SO.Cl, is prepared by heating benzene- 
sulphonic acid (or its salt) with PCl, on water-bath, or from, benzene and 
excess chlorosulphonic acid, CISO,H (p. 379). It is an oily liquid (b.p. 2518) 
soluble in ether. The sulphonyl chlorides are fairly stable, they are only 
slowly decomposed by water. (cf., acetyl chloride, p. 162). With strong ammonia, 
they form sulphonamides ; {hese are crystalline, have definite m.p., and so help 
the identification of sulphonic acids. With primary. and secondary amines 
(aliphatic or aromatic) but not with the tertiary, they combine giving substi- 


tuted sulphonamides, of which only those from primary amines are soluble in 
alkali. Hence they can be separated. Benzenesulphonyl chloride forms esters 


with alcohols, 10% caustic soda accelerates the process. 


C.H.SO:Cl + 2NH, = C.H,SO:NH;: + NH.Cl. 


Benzene sulphun amide 


= C,H,SO:HN.CsHs + C.H,NH:HCI. 


Benzenesulphonauilide 


oride is employed in Hinsberg's method for the separa- 
On heating with PCl,, it forms chlorobenzene : 


= C.H.Cl + SOC, + POCI.. 


C.H.SOCl + 2C:H,NH, 


Benzenesulphonyl chl 
tion of amines (p. 211 


C.H.SOCl + PCls 
QUESTIONS 


1. How is benzenesulphonic acid prepared 
can synthesise four different types of compoun 
Degree Exam., 1942, Madras Uni. 

2. How are aromatic sulphonic acids prepared 2 How are they obtained 
in free state ? Give synthetic use of sulphonic acids in replacing H of benzene 

CN and Cl. Do you know any technical use of sulphonic acid? 


9 Show in outline how you 
ds from this substance. B.A. 


Bsc. 1945, Nagpur Uni. 
3. What useful purposes are served by sulphonation ? Give concrete 
examples. KY { 
How is benzenesulphonyl chloride prepared ? What are its uses? 
How ‘does it react with ammonia, amines, and PCl,? Give equations. 

f the properties of benzenesulphonic acid. Explain 


scribe some 0! ) ) 
DRE chlorobenzene, phenol and phenyl cyanide may be obtained 
bl i, PBT So pass, 1932, Allahabad Uni. 


from it. B. 


CHAPTER XXXIX 
THE PHENOLS 


If one or more hydrogen atoms of benzene be replaced by hydroxyl 
groups, we get phenols. They are mono-, di- or trihydric, etc., according 
to the number of -OH groups entering the nucleus. ‘Thus carbolic acid, 
CsH,OH, is a monohydric, catechol, CH,(OH),, a dihydric and phloro- 
glucinol, C.H,(OH),, a trihydric phenol. All the hydrogen of benzene 
may be substituted by -OH groups ; hexahydroxy-benzene, C(O 5 
is a white solid, sparingly soluble in cold water: Apparently, the phenols 
are analogous to aliphatic alcohols. Structurally, however, they are 
similar to aliphatic enols (P. 198). Their names end in ‘oP, €.g., cresol, 
catechol, phloroglucinol, naphthol, etc. (cf., methanol, ethanol, etc.). 
They bear some resemblance to alcohols, no doubt, but differ from the 
latter in other respects. Phenols, for example, are weak acids, forming 
salts with bases while aliphatic alcohols are neutral. Ordinary phenol, 
CHOH, is called carbolic acid. Aromatic hydroxy-compounds with 
-OH in the side-chain are the alcohols €.£., benzyl alcohol, C.H,.CH.OH. 
They are neutral and resemble aliphatic alcohols in their mode of forma- 
tion and properties (vide Chapter XL). 


Preparation.—(i) From coal-tar: Some Phenols are formed during 
the destructive distillation of Organic matter such as wood and coal. 


Coal- and wood-tar contain a few. Much of the carbolic acid of 
commerce comes {from coal-tar. Phenol and cresols (hydroxytoluenes) 
CCcUr together in! the ‘middle oil’ fraction 


{ of coal-tar distillation. 
These are dissolved in dilute NaOH and free Phenols liberated by 
H,SO, followed by fractional distillation. 


(#) When aromatic sulphonic acids are fused with caustic alkalis, 
alkali salts of phenol or henates result (p. 880). These give free 
EER iY ASE PD 5 
Phenols with dilute acids. Carbolic acid is thus manufactured. 

CiH..SO.K + 2KOH = C,H..OK + K.SO, + H,0. 
Pot. benzenc:ulphonate Pot. phenate 


(i) On boiling with water, diazonium salts yield phenols (P. 867). 
They may, therefore, be obtained from aromatic amines. 


CsH5N,Cl + HO = C.H,OH + N, + HCl. 


Methods (ii) and (iii) indirectly Suggest the way of Obtaining phenols from 
hydrocarbons: 
HNO, 6H HNO, 
CH, —> CHSNO, > GHNH, 5 C,H,N.C1 
Benzene Nicirobenzene Aniline 
H.SO, KOH 
GH, — > GCH.SOH —> C,H.OK 


Benzene Benzenesulphonic acid 


Monohydric 


H.0 
—>2 'GHLOH 


Diazobenzene chloride Phenol 


C,H.OH 


Pot, phenate টং Phenol 
Phenols may similarly be converted into dibydric Phenols : 
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N:Cl 


NO. NH 
CiH,OH —> CH GEE 2 OH 
Phenol b te NOFL > CES = OU 


Nitrophenol Amidophenol Dianzo-salt Dihydric phenol 


(iv) Phenols result when phenolic acids are distilled wi 
. . R th ডন 
lime (cf., formation of benzene from sodium benzoate, p. 320). টড 


C,H.(OH)COOH + CaO = C.H..OH + CaCO.. 
Salicylic acid Phenol 
(v0) Aromatic organo-metallic compounds (Grignard reagent) in 


ethereal solution produce phenols by the action of dry oxygen, and 


subsequent treatment with dilute mineral acids. 


(9) H.0 
C.H..Mg.Br —> C.H..OMgBr —> C.H,OH 


Phenyl magnesium bromide Phenol 


Phenols are not ordinarily formed on treating aryl halides with aqueous 
alkalis (cf., formation of alcohols from alkyl halides, Dp. 74). But chloro- 
benzene, heated under pressure with aqueous caustic soda in presence of copper 


salts, yields phenol. 

Properties.—Phenols are colourless, crystalline solids with low 
melting points. All are volatile in steam, many distil unchanged. 
They are soluble in alcohol and ether, but only sparingly soluble in 
water. The solubility in water generally increases with the number 
of -OH groups in the molecule; thus phenol, C,H,OH, is slightly 
soluble but pyrogallol, C,H,(OH);, is highly soluble. C(OH), is, how- 
ever, an exception. With the same number of -OH groups, the 
solubility falls with the increase in size of the hydrocarbon radical ; 
menthol, C,oH,,0OH, is practically insoluble in water. Most phenols 
ossess a characteristic odour, and all have antiseptic property. 
Phenols contain the tertiary alcoholic group, =C.OH, and so resemble, 
to some extent, the aliphatic alcohols in their behaviour. 


Reactions.—(1) Alkali phenates and alkyl iodides produce phenol 
ethers (cf. formation of ether from C,H,ONa, p. 120). Phenols easily 
give methyl ethers on methylation with dimethyl sulphate and alkali. 


C,H..OIK + IICH; = C,H,-O-CH; + KI. 


Phenyl methyl ether or anisole 
C.H..OK + (CH.):SO, = C,H.-O-CH; + CH,KSO.. 


Phenol ethers are manufactured by passing vapour of phenol and alcohol 


over thoria at about 400°. When phenol vapour is led over fused zinc chloride, 
diphenyl ether is formed (cf., formation of ethers from alcohols, p. 118). 
2C.H,OH = CsH,-O-CsHs + H.0. 
Phenol Diphenyl ether 


(2) Like alcohols, phenols yield phenyl esters with acid chlorides 


and acid anhydrides: 
C,H,OH + C.H,COCI = C;H,.COOCH, + HCL. 
Plendl Benzoyl chloride © Phenyl benzoate 


GHOH + (CH,CO).0 = C.H..OOCCH; + CH,.COOH. 
Phenol Acetic anhydride Phenyl acetate 
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(8) Phosphorus pentachloride replaces the -OH group of phenols. 
as of alcoho!s (but less readily) by chlorine; the products, unlike alkyl 
chlorides, are not hydrolysed by boiling alkalis. 
oxychloride formed reacts with unchanged phenol 
phosphoric acid €.8., triphenyl phosphate, PO(OC,H 
aryl halide is thus poor. MM 

C;H,OH + PCI, = C,H,Cl + POC, + HCl. 
Phenol Phenyl chloride 

In the following reactiors, phenols differ from alcohols: () Pheno!s 

react with alkalis forming salts called phenates or Pphenolates. 


C,H.OH + NaOH = C,H,ONa + H.0. 
+ Phenol Sodium phenate 


The acid character of phenols may be explained by the resonal 
Phenol, for example, exists as resonance hybrid. The enol form 


The phosphorus. 
to give esters of 
s)s; the yic.d of: 


nce theory ; 
(1) is muc» 


more stable due to its high. resonance energy (47:7 kcal. per mole) than the 
Probable keto form (1D. -- 
IU 2 + + 
:0:H :0:H i iE iO ? 
| 
/ OHNE EAE TET AS fl Nn, 
(UENO OEE EE ( 
NO Cra MND N/ NE ANID 
4 ll 
Due to this resonance effect, the elect 


ron density On the oxygen atom decreases, 
Which consequently tends to assume a Positive charge and pulls the pair of 


electrons between oxygen and hydrogen of the -OH group, This facilitates 
the escape of a proton. Such resonance is not possible in alcohols; the H of 
-OH, being more firmly bound than in Phenols, cannot escape as proton. 
Alcohols are, therefore, neutral. An electio-negative Eroup such as -NO, in. 
the benzene Ting tends to attract electrons away from the oxygen 
of a proton (or the ionisation of Phenol) is further facilitated. Nitrophenols. 
are, therefore, stronger acids than pheno] (ka for o-nitrophenol is 65X10"); 
2,4-dinitrophenol has ka=1-0X1I10™, and trinitrophenol is a still Stronger acid. 
(ka = 4:2X 10°) than nitrophenols. Phenols are extremely weak acids, so much. 
S0, that even carbonic acid decomp. 


OSes their salts and sets free the phenols. 
ka for carbolic acid is I-3X 10 at 25°, for carbonic acid, 3X10 at 18° 


and for water, 18X10, This is utilised in separating phenols from carboxylic: 


acids. The mixture is treated with NaOH and the aqueous solution of the: 
sodium salts is saturated with CO, ; phenols ar 


PANTS © thus set free and Temoved by 
steam distillation. 


(#) Nitric and sulphuric acids form no esters with phenols, but 
give the corresponding nitro- and sulphonated Products at ordinary 
temperature. Even dilute nitric acid produces 0- and b-nitrophenols: 
C.H..OH + HNO, = C.H,(OH)NO, + H.0. 

Nitrophenol 


C.H..OH + H,SO, = C.H,(OH).SO,H + H.O. 
Phenolsulphonic acid 


, the release 


(ti) The -OH Troup, 


facilitates the substitution of other He 
of the nucleus. 


+t € sul atoms 
Phenol is more readily nitrated or halogenated 


than 
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benzene. Bromine-water and phenol yield tribromophenol quantita- 
tively. In non-ionising solvents e.g., carbon disulphide or carbon tetra 
chloride, 0- and p-bromophenols are formed. 


ডৰ 
| | SBE al Br 


Phenol Br 
2:4:6-Tribromophenol 
0- and P-iodophenol, C:H,IOH, can be obtained by adding a mixture of 
iodine and iodic acid to phenol in dilute caustic potash solution : 
SC:H,OH + 21, + HIO, = 5SC.H,(OH)I + 3H.0. 


(iv) The alkali salts of phenols form hydroxy-carboxylic acids with 
carbon dioxide under pressure and at high temperatue (Kolbe’s 
reaction). Salicylic acid is thus manufactured from phenol, 

C.H,ONa + CO, = C.H.(OH)COONSa. 
Sodium phenate Sodium salicylate 

(v) Phenols react with the double compound of calcium or zine 
chloride and ammonia when heated, aromatic amines are mainly 
formed. Naphthylamines (q.v.) are thus technically made from 
naphthols. Heated with ammonia under pressure, phenol yields 
aniline. 

) C,H;,OH + NH, = C.H,NH, + HO. 
Phenol Aniline 

(2) They are reduced to hydrocarbons on distillation with zinc 
dust ;. carbolic acid thus gives benzene. Hydrogen in presence of 
molybdenum oxide at room temperature also yields benzene. 

C.H.OH + Zn = C,H, + ZnO. C.H,OH + H, = CH, + H.0. 

(un) Phenols are susceptible to oxidation. Some of them, Eos 
pyrogallol in alkaline solution, readily absorb oxygen from the air and 
are converted into complex dark-coloured substances. This is utilised 
in gas analysis. Dihydric phenols (0- & p-) are oxidised to diketones 
called quinones (q.v.). 4 

(vin) They couple with diazonium salts in alkaline solution form- 
ing azo dyes (Pp. 868). - 

: (ix) Like nitroso-compounds, phenols respond to Liebermann’s 
reaction (p. 868). £ 

A little phenol is added to NaNO, solution in conc. H,SO, and warnmied 
‘a0 A brown or red colour, first formed. rapidly changes to deep blue or 


een. On dilution with much water, it turns red but on adding excess of 
NaOH solution, it again turns blue or green. 


4 (x) Most phenols produce characteristic colorations—red, blue, 
violet, brown or green—vwith neutral or weakly acid ferric chloride 
solution:’ This helps their identification. 

‘“ Ferric ‘chloride gives coloration or coloured precipitate with compounds 
paving the YC-0F group ; €.g., aceto-acetic ester, acetic acid, etc. Nitro- 


25 
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phenols or m- and p-hydroxybenzoic acids, however, give no colour with ferric 
chloride. 


The monohydric phenols,—Ihe most important and common is 
monohbydroxybenzene, simply called phenol (cf., alcohol and ether). 
Hydroxytoluenes or cresols, C,H,(CH,)OH, come next. 


Phenol, C,H;OH, was discovered in coal-tar in 1834 by Runge 
who named it ‘carbolic acid’ (carbo coal, oleum oil), by which it is 
popularly known. One commercial source is coal-tar ; some phenol is 
also obtained in the purification of ammoniacal liquors in coke and Eas 
plants. It occurs in our urine as its hydrogen sulphate. 


Preparation.—(1) The middle oil fraction (boiling range 170°-230°) contains 
about 25-40% of phenol and cresols, mixed with naphthalene, a little toluene, 
Xylenes, etc. This is subjected to a further fractionation, and the portion 
coming between 170°-205° contains most of the carbolic acid and naphthalene. 
On cooling, naphthalene mostly crystallises and is removed by ‘centrifuging. 
The mother liquor is washed with dilute H.SO, to remove the basic substances 
and treated with sufficient (10%) NaOH solution, while agitating by a current 
of air. The phenols dissolve but not the hydrocarbons. The alkaline liquid 
is drawn off, and acidified with sulphuric acid or treated with CO, under 
pressure. Phenols, thus set free, form a dark-coloured, oily layer. “This is 
Washed thoroughly with water and distilled. The distillate (crude commercial 
phenol) is STN the portion boiling a SL is almost pure carbolic 
acid. On cooling, phenol separates in colourless crystals which 
from the still liquid cresols. About 1°5 Ib. of Phenol is BEST TEMONVEd 


Obtained per ton of coal. 

(2) When chlorobenzene and 10% Aqueous soda ash under 200 
atmospheres pressure are passed through copper-lined iron tubes at 
320° (copper acts as a catalyst) phenol results (Dow process). The 
conversion is almost 100%. Some diphenyl ether, CH,.O0.CH,, is also 
formed ; the addition of 10% diphenyl ether to the reaction mixture 
Prevents its formation. Chlorobenzene is made from benzene. 


C.H,Cl + Na,CO; + HO = C,H;OH + NaCl + NaHCO.. 
Chlorobenzene " Phenol 


(8) Phenol is also made b 
by alkali fusion (p. 38: 


the phenol. During the 
1 picric acid. 


2C:H.ONa + SO, + H,0 = 2C,H,OH 4 Na,SO,. 
“ (4) Raschig method, discovered in Ger 4 ) 
19400 carried out in two stages : many and followed in U.S.A. since 


(i) Benzene is chlorinated in val 


1 Pour phase with h: 5 i 
under pressure at about 230° in presence of Cu-Fe Ydrogen chloride and air 


pb 2 Catalyst f i 

US SE REO bE EEE HALLE 
chloride. " ‘The conversion is abou! lo 3; chlorobenzene i + টব 
tional distillation. 1s separated ‘by frac: 
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CH, + HCl + 10; = C,H,Cl + H.0. 
(ii) Chlorobenzene is hydrolysed at about 425° with silica catalyst : 
C,H;Cl + H.O = C,H,OH + HCI. 


The conversion is about 10%. The HCl is re-used. Pure phenol is thus 
Obtained. Diphenyl oxide and other bye-products are less than 0°1%. The 
process is economic ; ultimately air and benzene give phenol: 


2C.H, + O: = 2C,H,OH. 
(5) U.S.A. now makes phenol from benzene and propylene: 


HPO, 0, 
CH, + CH,=CHCH, ——> C:H,CH(CH,), —> C,H,C(CH.).-0.0H 
250° Cumene air Cumene hydroperoxide 


ES C.H,OH + (CH,),CO 

Properties.—Phenol forms large, colourless, deliquescent Prisms 
(m.p. 42°, b.p. 181°). It has a Strong, characteristic odour by Which it 
may be recognised. It is soluble in alcohol or ether, and slightly in 
water (1 in 15 parts of water at 20°). But above 67° it is completely 
miscible with water. Phenol is a Poison ; it coagulates Proteins; in 
fairly large dose, it causes death. It is a common antiseptic and disin- 
fectant, but some bacteria thrive well in phenol. It is corrosive and 
so not an ideal antiseptic. Its general reactions have been mentioned 
on pp. 888-85; the following are also important. 

(i) In air and light, phenol slowly suffers oxidation and turns pink. 


breaks it up into oxalic and meso-tartaric acid. KCIO, and HCI 
EH OOAnOnS or chloranil, C,Cl,0O.. 


(ii) Hydrogenated in presence of finely divided nickel at 160°-170°, phenol 


clohexanol or hexahydrophenol (p. 313), an industrial solvent; 
Baie cid for Nylon is obtained from this (p. 245). 


C.H,OH + 6H = C.H;,OH. 
Cyclohexanol 
(iii) Heated with formalin in presence of an acid or alkaline catalyst, it 


j lled Bakelite after its discoverer L. H. Bakeland of America 
1508). Post process is complex ; the initial steps are believed 


to be OH OH OH OH. 
HCHO CHL OH (ECHL HCHO 
SA NN NZ 
OH OH 


= "—CH,OH ন 
( —CH:; ) fe and so on at the para-position also. 
A 
’ 3 j il the polymer becomes too large and complex to crys- 

ae As kr) Baktile is extensively used in making electrical 
tallise, Ed ncial amber, ivory, etc. Synthetic processes for phenol have been 
fittings, 3 mainly to meet its extraordinary demand for plastics. The largest 
CECT plastics are made from phenol and aldehydes (phenolics). These may 
Ee’ moulded, laminated or cast. i 4 

(i) Phenol gives a violet coloration with neutral aqueous FeCl,. 

ন es Liebermann’s test (p. 385). (iii) On adding bromine-water to an 
SEOUL solution of phenol, a white ppt. of tribromophenol is obtained. 
a 
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i ith ammonia and afew drops of sodium hypochlorite solution, 
a DES EEN colour. (v) Solid phenol (0°5 g.), phthalic anhydride 
5 ) 2nd strong H.SO, (2 drops) are fused together, cooled and then made 
SEL th NaOH—a pink coloration, due to Phenolphthalein, appears. 

jimati. f phenol.—A bromide-bromate (5:1) mixture in water is 
ETE 3 adding pot. iodide and dilute H.SO, and titrating the iodine 
with deci-normal thiosulphate. 


SKBr + KBrO, + 6HCI = 6KCI + 3H.O + 3Br.. 


3Br, + 6KI = 6KBr + 3L.. 


€ bromide-bromate solution in presence of a mineral acid Precipitates 
the nol quantitatively as 2:4:6-tribromophenol. Excess of bromine is 
determined and the amount of phenol found from the equation : 


C,H.OH + 6Br = C,H.Br,OH + 3HBr. 

Uses.—Phenol is a common antiseptic and 
carbolic soaps, lotions, etc. A 8% solution 1s generally employed for 
washing wounds. Bakelite, Picric acid, amidophenols (Photo-deve- 
lopers), salicylic acid, phenacetin, phenolphthalein, some dye inter- 
mediates, synthetic tannins, etc. are made from Phenol. It is 
hydrogenated to cyclohexanol, a solvent for rubber and nitrocellulose 
lacquers. Cyclohexanol is oxidised to adipic acid for making Nylon. 
Pentachlorophenol, C(OH)CI,, obtained by chlorinating Phenol in 
Presence of a halogen c ood preservative and. 


disinfectant, used as 


arrier, is an effective. w 
fungicide. 


In 1955-56 India imported 8.019 cwt. of phenol valued at Rs. 7,70,120, her 
annual demand is 1,200 tons. U.S.A. made 517 million lb. of phenol in 1955, 
475 million Ib. being synthetic. 


Phenol ethers.—The preparation of phenol ethers has already 
been mentioned (p. 883). Anisole or Phenylmethyl ether, CH,.O.CH,, 
is made by methylating phenol with dimethyl sulphate 
soda. It is obtained in good yield when phenol and metha 
are passed over alumina 


at about 400° Anethole of oil i) 
oxidised to anisic acid which, on distilla 


and caustic 
DO] vapours 
f aniseed is 


tion with lime, yields anisole. 
It is a colourless liquid (b.p. 155°) with a fragrant smell, insoluble 
in water. Itis used as a solvent, for making some synthetic perfumes 
and as a delousing agent. 
OCH, OCH, OCH, 
ৰ () Distilled 
Cr AONE AB 
with CaO Nr 
CH =CH.CH, COOH Anisole 
Anethole 


Anisic acid 
Phenetole, phenvlethy] ether. CH..O.C,H,, may be obtained from 
potassium phenate and ethyl iodide. It is a Pleasant-smelling liquid 
(b.p. 172°). Anisole and phenetole, being true ethers, are not hydro- 
‘lysed by boiling caustic alkalis. Phenetole is the starting material for 
f-aminophenetole or f-phenetidine, CH,(NH,) 


OC,H,, required for 
azo dyes. fp-Phenetyl carbamide, C.HO.C,H,NHCONH,, is Dulcin 
{dulcis sweet) which is about 200 times as Sweet as cane-sugar. It is 


made from phenetidine by reacting with carbonyl chloride and ammo- 
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nia. . Phenol ethers are quantitatively" decomposed by boiling conc. 
hydriodic acid. Zeisel's method for the detection and estimation of 
methoxy (COCH,) and ethoxy (-OC,H,) groups is based on this. 


C;H,OCH,; + HI = C,H.OH + CHIL. 


Zcisel’s method.—The substance (0'2-0°4) g.) is heated to 130°-140° with 
HI (15-20 c.c.) of sp. gr. 1°7, ina small round-bottomed, distilling flask with 
a long neck, on a glycerol- or oil-bath. It is connected to two conical flasks 
containing aqueous-alcoholic AgNO. A slow stream of CO; sweeps the alkyl 
iodide formed from the distilling to conical flasks where Agl is formed (p. 75). 
This is boiled with HNO,, filtered, washed, dried and weighed. From the 
weight of ‘Agl, that of alkyl iodide is known, and hence the p.c. of methoxy or 
ethoxy group in the compound. The number of such groups per mol. is found 
from the mol. wt. of the compound. The acid must not distil over to the 
conical flasks. Hydriodic acid of sp. gr. 1'70 has a constant b.p. 126°. 

Diphenyl ether, CH..0.C,H,, is formed by reacting phenol with 
zinc chloride (p. 888) and also as a bye-product in the manufacture of 
phenol from chlorobenzene (p. 886). . Bromobenzene and potassium 
phenate react in presence of finely divided copper at 200° and yield 
diphenyl ether (m.p. 27°, b.p. 259°). Tt smells like geranium and‘is a 
perfume for soaps. Boiling HI cannot decompose At; for its stability 
high temperature, it Is a heat-transfer medium like diphenyl. 


C.H.OIK + BrIC,H; = C.H..O.C.H; + KBr. 
Dipheny!l ether 


at 


The nitrophenols.— 0- and p-nitrophenols result on heating nitro- 
benzene with solid caustic potash. The -OH group in phenols greatly 
facilitates their nitration by activating the benzene TIng. Conc. HNO, 
converts phenols into dark resins. Phenol, with dilute HNO, in the 
cold, yields o- and p-nitrophenols. These are separated by steam 
distillation, the ortho-compound distils off leaving behind most of the 
much less volatile para-. The P-compound remains dissolved in the 
aqucous distillate, the 0-compound is sparingly soluble in water, it has 
an internal hydrogen bond resulting in chelation unlike the other 
isomers which are associated by intermolecular hydrogen bonding. 
Its lower m.p. and greater volatility in steam are thus explained. 


A ১ N>0--H0 
6 LU 9 oS 
(0) 
NANT Hl ৰ 


| 
?-Nitrophenol 


AE 
Nitrophenol is prepared from m-dinitrobenzene by reduction 
sulphide, and diazo-reaction. f-Nitrophenol may be 
d from p-nitroacetanilide. 


m 
with ammonium 


similarly obtaine 


/\ NO, H {\ No, Diazotised f ] NO, Boiled Ne 
DA 


LSE OAL ন 

No with water NT 
6 NH, NCI OH 
mDinitrobenzene m-Nitraniline Diazo compd. mM-Nitrophenol 
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ies.— 0- and m-nitrophenol are yellow, crystalline solid 
er BR GES respectively). The p-compound (m.p. 114°) is colour- 
less (but dissolves in alkalis with a deep yellow colour, hence its use as 
an indicator) and crystalline. oNitrophenol is volatile in steam. Ps 
and m-isomers are fairly soluble in cold water. They are stronger acids 
than phenol due to the -NO, group (P- 884), they decompose carbonates. 
On reduction, they yield the corresponding a 


midophenols which are 

Od photographic developers. During halogenation in aqueous 

Bt, group generally splits off from o- and b-hitrophenols ; 

thus on bromination, both yield 1:8:5-tribromophenol. The coloured 
salts (and ethers) of nitrophenols are believed to have t 


he quinonoid 
structure (q.v.), the colour changes over PH 5-7. 
EES. OL LOH AT AS OK 
EOC NC ড NS 
Colourless Coloured 


Phenacetin, P-acetaminophenetole is Obtained from P-nitrophenol by cthylat- 
ing and then reducing to the amino-compound, Phenetidine ; the latter, on 
acetylation, yields phenacetin. The ethylation is done by heating the sodium 
salt of nitrophenol with ethyl chloride or iodide under pressure. 


OH OCH, OCH, OCH, 
AS A AN AN 
Wa WE ELE 
Md NA NA NN 
NO, NO, NH, NHAc 

DP-Nitropheno!l P-Nitrophenetole P-Aminophenetole Phenacetin 


(or p-phenetidine) 
Phenacetin is chiefly used for headache and neuralgia together with aspirin 
and caffeine (A.P.C. Powder). Phenetidine is highly toxic but on acetylation, 
basicity, to which its toxic character is due, is reduced and a useful drug 
results. Phenacetin is less toxic than acetanilide (p. 357). 
Picric acid, 2:4: 6-trinitrophenol, 

Woulfe’s bottle fame, is the most impo 
silk, leather, indigo, some resins, etc. 


due to the formation of picric acid. 


Preparation.—Gently boil Phenol (8 g.) and conc. H.SO, (10 Ccc)ina 


flask. Cool the mixture in ice-cold Water and carefully add to it water (10 c.c.) 
and conc. HNO, (30 c.c.) with shaking. i in a fume- 


1S should be done 
chamber. When no more brown fumes evolve, heat the 
for about 1f hrs. With occasional shaking. Slowly pour the liquid into cold 
water (100 c.c.) and stir well; yellow crystals of picric acid separate. Filter, 
Wash, and re-crystallise from aqueous alcohol (1p ho] : Parts water). 
Resinous by-products are formed from Phenol due to oxidation and condensa- 
tion if it is nitrated with nitric acid alone, but not from Phenolsulphonic acid. 

OH OH 


discovered by P. Woulfe of 
Ttant of nitrophenols. Wool, 
’ turn yellow with conc. nitric acid 


OH 
১ SoH ON (\ No, 
EET NGS A 
2 3 Su 
Phenol Phenolsulphonic acid NO, 


Picric acid 
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ডে Ee 
I 5 manufactured likewise and also from chlorobenzene : 
Cl Cl OH 


AN ENO No: Neco) 2: oN SN 
| ই | =? HNO, NO, 
{Eso HO ES HUES 

. NO; No, H:SO, NA 


Picric acid is a pale yellow, cr stalline solid (m. { ও 
extremely bitter taste (Greek ros bitter). It Ed NE 2 
cold, but fairly soluble in hot water; it readily dissolves in aJcoEoDL 
ether and benzene. The aqueous solution is deep yellow due Ee 
coloured ion, C,H(NO;),0-; the unionised solution in light PErOlEU 
is colourless. Three nitro groups have considerably strengthened its 
acid character (ka = 42x 107). It forms well-defined salts EE 

crates, and decomposes alkali metal carbonates. With PCI iCric 
acid forms picryl chloride, CHA(NO;),Cl, which, like acid Eee i 
hydrolysed back to picric acid, and with ammonia gives picramide’ or 
trinitro-aniline, C,HA(NO.),NH.. Compounds with one, two or ee 


amino groups result on reduction. 


Picric acid may be regarded as the first s nthetic dyestuff ; i 
directly silk and ১) (but not cotton) a Teh En JE 
however, is not very fast ; it has only a limited use as a dyestuft. The 
acid explodes violently when detonated, and is a high ‘explosive ন 
shells, bombs and torpedoes (Lyddite or melinite). Picrates (particular- 
ly lead picrate) are Still more explosive. ‘The acid is, however, quite 
safe to handle; it can even be slowly heated to decomposition. AR 
aqueous solution (1 %) of picric acid relieves pain due to burns, and 
cures certain skin diseases. It is poisonous. Picric acid forms crystal- 
line addition compounds with many aromatic amines and hydro- 
carbons, as also with phenols, and thus helps in their identification 
Naphthalene picrate (m.p. 149°) is yellow, anthracene picrate (mp. 
188°) is red, while benzene picrate (unstable) is colourless. E 
On distilling picric acid with bleaching powder and water, a 
colourless, heavy liquid (b.p. 112°) called nitrochloroform or chloro- 
picrin, ANO;, with a suffocating smell is obtained. It attacks the 
eyes and mucous membrane, and induces vomitting ; it is an insec- 
ticide and was used in the war of 1914-18 as a poison gas. One part in 
a million of air causes copious flow of tears. Tt may also be obtained 
from chloroform and conc. nitric acid. or from nitromethane, hypo- 
chlorous acid and calcium carbonate. Potassium picrate is much less 
soluble than sodium picrate ; this is useful in testing for potassium in 


presence of sodium. 

Len solutions of picric acid and pol cyanide, on warming 

together, give an orange-red colour due to the formation of isopurpuric acid. 
The cresols, C,H.(CH,)OH.—The three isomeric cresols (0-, m- and 
রি Lydrosy ne 50 called CEC 0T E400 cresylic acids, occur 

together with phenol in the middle oil fraction of coal-tar distillation 

beech wood-tar. p-Cresol is a decomposition product 


AndLiD PDE NC z - 
of some proteins, Its sulphate occurs in urine. After the separation of 
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in i -li her 
. 886) the cresols remain in the mother liquor. By furt 
ES | may be separated but not the meta- and para- 
which have practically the same b.p. 


0 oA 
ER 
9-Cresol OH 


(m.p. 31°, b.p. 190°) (m.p. 4°, b.p. 202°) 2-Cresol (m.p. 36°, b.p. 203°) 


Cresols are obtained pure cither by bydrolysing diazo-salts of 
toluene or by potash fusion of toluenesulphonic acids. 


H.0 
CH.C.H.NH, —> CH,C,H.N,CI —> CH,C.H.OH 
Toluidine Toluene diazo-salt Cresol 


KOH HCI 
CH.C.H.SO,H _—> CH.C.H.OK _> CH,C,H.OH 


Tolueensulphonic aci, Pot. salt of cresol Cresol 


Neutral ferric chloride Produces a blue coloration With cresols. 
Alkalis form salts which are decomposed by carbon dioxide. With 
chromic acid, cresols do not form hydroxy-acids (cf., 0-xylene, P. 888) 


but get decomposed. If, however, the -OH Sroup is first methylated or 
acetylated, carboxylic acids are Obtained. 


CH,GLH.OH —> CH,C,H.OCH, 0G; 
Cresol Cresol methyl ether NES EEE acid 
On distillation with zinc dust, cresols yield toluene (6S Phenol, 

P- 820). They are isomeric with anisole, C,H .O.CH,, from Which they 
are readily distinguished by their solubility in caustic alkalis (acidic 
nature) and colour reaction with ferric chloride. Cresols are preserva- 
tives for wood (railway sleepers, for example).The condensation product 
of sulphonated cresols and formaldehyde is a synthetic tannin, Syntan. 
Artificial amber, made from cresols. and formaldehyde, is a Plastic of 
bakelite type, the cresol mixture being employed as such. Trinitro-m- 
dlesol is an explosive; potassium salt of dinitro-p-creso] is the dye, 
Victoria orange. Tricresyl Phosphate, [CH,(CH,)O],PO, made by 
Beating cresols with phosphorus oxychloride, is an important plasticizer 
for cellulose acetate and nitrate ; it forms a tough water-proof film and 
is used for coating cables. 
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Thymol or hydro: i: i 
Yn hydroxycymene is the chief i 5 
SEE EEE it is extracted therefrom EEL a! oe 
and has the CAE SHOE (m.p. 515°), sparingly SOlDIG ee 

i ). yme. It gives no colorati. j j ide’ 
a HE with phosphorus pentoxide, it forms 2) nN i chloride. 
ille. with phosphorus pentasulphide, it gives p-cymene. THAR i Di 
antiseptic, often used in tooth-pastes. Its iodo-derivative. ERO, EE 
FOTOS > , 1S a substitute 

Carvacrol, an isomer of th: i i i 
} i ymol, is present in the i i: 

It may be obtained by heating camphor with a little ode UO LE 
{b.p. 236 ), which gives a green colour with alcoholic ferric chloride. O. EE 
ing with phosphorus pentoxide, it forms o-cresol and propylene. Enero 


an antiseptic. 


M১ লে 
CHC DCH(CH. CHC Donon. 
OH HO 
Thymol Carvacrol 


The dihydric phenols, dihydroxybenzenes (0-, m- and f-) ar 
Known as catechol, resorcinol and quinol respectively. They Es 
like the monohydric phenols but unlike the latter, possess reducin 
properties. The second phenolic -OH decreases the antiseptic Vi 
considerably (resorcinol is only one third as active as phenol) but 
increases solubility in water. Catechol and resorcinol are stronger acids 


than phenol. 


Catechol, pyroc 
in the Indian catechu (obt 


first obtained by dry disti 


atechol, o-dihydroxybenzene, 1,2-C,H,(OH),, occurs 
ained from the Acacia catechu tree) and was 
lation of this product, whence the name. 


Many resins, on alkali fusion, form catechol ; so does lignin. In com- 


it is present in some natural tannins. 


bined state, 1 
(i) It may be made by the potash fusion of 0-phenolsulphonic. acid : 


OH OH 
SOK /N oF 
| +KoH= | | +50. 
A 
Catechol 


Pot. 0-phenolsulphonate 
Jaldehyde with alkaline hydrogen peroxide at about 


(ii) Oxidation of salicy ) 
Jd (Dakin reaction) : 


50°, gives catechol in 70% yie 
HOC,H.CHO + H.0: = C.HA(OH): + HCOOH. 

Salicylaldehyde Catechol 

aiacol (present in beech-wood tar) when heat 
hol (cf., Zeisel’s method, p. 389). bs TE 


(iii) Methylcatechol or gu 
hydrobromic acid or aluminium chloride 


with hydriodic acid forms catec! 
ation may also be effected by 48% 


at 210°. 
/\ 0H /\ oH 
| Ee + Hi=| | + CHL 
AN Ye 3 NE OH 
Guaiacol Catechol 


(iv) Catechol is commercially made by heating under pressure 
190°, 0-chlorophenol or 0-dichlorobenzene with 20% GEUSle, stn, RSs 


of a little copper sulphate : 
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OH {0H 
+ NaOH = | | + NaCl. 
Cl ¢ NU OH 
0-Chlorophenol Catechol 


Catechol is a colourless, crystalline solid (m.p. 104°), highly soluble 
in water. It sublimes readily and on exposure to air, gradually darkens. 
Alkaline catechol absorbs oxvgen from the air. It gives a green colora- 
tion with ferric chloride solution, the colour changes to red on adding 
sodium bicarbonate solution. Other o-dihydric phenols behave like- 
wise. Catechol reduces ammoniacal silver nitrate in the cold, and 
Fehling’s solution, on warming, like an aldehyde. Silver oxide oxidises 
it in ether solution to. o-benzoquinone (q.v.). Aqueous ammon. 
carbonate at. 140° under pressure converts it to protocatechuic acid, 


C,H,(OH),.COOH(1:2:4). Adrenalin, a valuable drug, is made from. 
catechol. 


Guaiacol, catechol monomethyl ether, C,H,(OH)OCH,, ise al 
colourless, fragrant-smelling solid (m.p. 28°), obtained by fractional 
distillation of beech-wood tar. It was first made by distilling gum 
guaiacum. The carbonate is a good intestinal antiseptic. Guaiacol 
gives a green colour with ferric chloride. 


Resorcinol, m-dihydroxybenzene, C,H,(OH),, is mad 5 
benzene-m-disulphonic acid with Caste soda ম্‌ 2 fusing 


at 270° for about ei 
RE 3 E Ut Ci. 
hours. The mass is acidified and resorcinol extrac Eh 


ted fi - 
ous solution with ether or amyl alcohol. The o- nT SE 
acids of benzene, on potash fusion, also yield res Lt 


্‌ ©.JleC resorcinol, as one of 
the -OH groups migrates to the meta-position with Tespect t a 


at the high temperature of fusion. YL OLG 
ssl 
H 
{/\ So,H NaOH {| ONa H.SO, HN OH AAA 
(3 (0% eo 
YA 2 H, 
SO.H ONa রতন সর 


Benzene-m-disulphonic acid 


|| 
Resorcinol [0) 


Resorcinol forms colourless needles (m.p. 110°), EH cali Ae 
water, alcohol and ether. It gives a violet coloration with Ferrie 
chloride. Resorcinol very slowly reduces Fehling’s solution and ammo- 
niacal silver nitrate. Unlike catechol or quinol, it readily condenses 
with phthalic anhydride on heating and forms fluorescein which in 
dilute alkaline solution shows intense green fluorescence. Resorcinol 
forms a bisulphite compound and a dioxime like a ketone and also a 
diacetate and a diethyl ether as a hydroxy-compound ; so it exists in 
tautomeric forms (cf., phloroglucinol, p. 896). 


On heating with pot. bicarbonate solution, it readily forms potas- 
sium 2,4-dihydroxybenzoate CH,(OH),COOK. Resorcinol is largely 
used in making fluorescein, eosin and some azo dyes. With bromine- 
water, it gives crystalline tribromoresorcinol, CsHBr,(OH),, (m.p. 112°). 
It is a remedy for eczema. 
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Orcinol, 3:5-dihydroxytoluene, CH,C,H.(OH):. ন 
occurs in orcina and other lichens from SOREL Rs BEES 
290°) is a reagent for pentoses. Litmus, the common indicator, is prepar' qe 7 
treating these lichens with ammonia and potash and then fermenting ES রী 
The colouring matter of litmus is a derivative of orcinol. Hats 
Quinol, p-dihydroxybenzene or hydroquinone, C.H,(OH),, occurs 
as the glucoside arbutin in pear leaves ; it may be obtained HEE EOE 


by acid hydrolysis or with emulsin. 


CisHis0: + H:O = C,H (OH): + C:H;:0.. 
Arbutin Quinol Glucose 


It is prepared by reducing p-benzoquinone (made by oxidising 


aniline) with sulphurous acid and extracting the product with ether. 
Germany makes it from acetylene and carbon monoxide with cobalt 


carbonyl hydride, HCo(CO),, as catalyst. It is tautomeric. 
HME 


lS = f= TTS 
SOO 10-0 


p-Benzoquinone 


Quinol 


2HCECH + 3CO + H.0 = HOC YOR 4 CO. 


Quinol was first obtained by distilling quinic acid, hence the name. 
It is a colourless, crystalline solid (m.p. 169°), readily soluble in water, 
ethanol or ether Dut almost insoluble in benzene. The alkaline solution 
suffers autoxidation in air and turns dark. It is a strong reducing 
agent, and used as a photographic developer. Quinol, a powerful antt- 
oxidant, retards the oxidation of unsaturated oils by air. It gives 
a transient blue colour with ferric chloride which oxidises it to quinone 

and resorcinol). Quinol and quinone form, 


on warming (cf., catechol D ) 
drogen bonding at both ends, a green, crystalline, addi- 


possibly by hy ই [ ine 
tive compound, quinhydrone, when the former 1s partially oxidised by 
ferric chloride in the cold. It is used in potential measurements. 

O = CH, = (9) 


H-0-C:H.-O-H 
Quinhydrone 


Unlike carbolic acid, the dihydric phenols have little corrosive action on 
distinguished by means of ferric chloride solution. 


the tissues. They may be y 
From aqueous solution, lead acetate precipitates catechol but not the other 
None but catechol increases the electrical conductivity of boric acid 


two. 
(p. 278). 
The tribydric phenols.—Benzene forms three tribydroxy-deri- 

vatives: 

OH BAL OH 

( 4 gl l OH ( oh 

DNL ১ 
Pyrogallol Phloroglucinol OH 


Hydroxyquinol 
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ogallo rogallic acid, 1,2,8-C,H (OH),.—The gall nuts con- 
tain EEE SEARLE gallic acid which, on heating, gives pyrogallol. 


Scheele thus obtained pyrogallic acid in 1786. Pyrogallol-1-methyl 
ether occurs in beech-wood tar. 


HOO0C/\ oH 4 
| | Heat | | + C0, 
AE 2 NAOH 
OH 


OH 
Gallic acid Pyrogallol 


Pyrogallol is technically made by he 
Half its weight of water in an autoclave. 


It gives a red coloration. with ferric chloride. 
When exposed to air, avidly takes up oxygen 
It is, therefore, used for estimating oxygen in Sas analysis. It liberates 
gold, silver and mercury from their salt solutions. For its strong 
reducing action, it is a common Photographic developer. 


1g ac Pyrogallol is 
An antiseptic; some dyes are made from it. 

* Phloroglucinol, 1,5,5-C,H, (OH), , Occurs in the bark of apple trees 
as the glucoside, phlorizin, as well i $1 j 


} As In some resins and tannins 
Prepared by fusing resorcinol With six ti i j 


Tesorcinol takes up an atom of o 
Elucinol. From the alkali salt fo 
‘excess of dilute sulphuric acid an 


C.H.(OH), + 0 = C,H.(OH),. 


Resorcinol Phloroglucino! 
It is conveniently manufactured from TNT. 
ON No, O:N/\ NO HN/\ 
j | NEB AES Ne na"°f Non 
VL H,SO, SA HCI ১০ 108° 
No, kl AE OH 
TNT. Trinitrobenzoic aciq Triaminobenzene Phloroglucinol 
Acetone and malon 


yl chloride cond i 
carbonate and yield Phloroglucinol : EO calcium 


COICI HiCH.. CO_CH. be, + 
CHL NCO ES CHK Hi C0 <>< ১ an 
cola HicH,/ CO-cH/ —( 
Malonyl chloride Acetone 


H 
Phloroglucino! 
Phloroglucinol forms colourless Prisms with two mols. of water; 
the anhydrous compound melts and sublimes at 218°, It is highly 
soluble in water, alcohol and ether, and et coloration 
with ferric chloride. It reduces Fehling’ 
alkaline medium and turns brown. Acety 


F ; রে acetyl 
“derivative, and diazomethane a trimethyl 


ether, showing three -OH 
unlike pyro- 


Fr 
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gallol or hydroxyquinol, indicating three keto groups. Hence it exi. 
in tautomeric forms which, however, have not yet been separated ৰ 


Phloroglucinol in hydrochloric acid gives a pink coloration with 
pentoses on warming ; with furfural (obtained from pentoses on i 
tilling with 12% HCl) it forms an insoluble compound, used fo ন 
mating pentoses. Ligno-celluloses such as wood, jute etc oi A 
cherry-red coloration with phloroglucinol. It is mainly used in Photos 


copying. 

Hydroxyquinol, 1,2,4-CH,(OH),, results when quinol is fused in 
air with’ caustic potash. It melts at 140°, is highly soluble in water, 
and gives a greenish brown colour with ferric chloride. Itisa strong 
reducing agent. In alkaline aqueous solution, it absorbs oxygen from 


the air like pyrogallol. 
QUESTIONS 


1. How is phenol isolated in pure state from coal-tar? What is Lieber- 
. mann's test for phenols? Explain the principle underlying the process of steam 
distillation. B.Sc. Pass, 1940, Calcutta Uni. 

2 How. can you obtain (a) phenacetin, (b) phenetole, (c) catechol, 
(d) picric acid and (e) benzene from phenol? 

3. What are the general methods for introducing a hydroxyl group into 
the benzene nucleus? In what important respects do they differ from aliphatic 
hydroxy compounds ? B.Sc. Pass, 1942, Patna Uni. 

4. A compound has the empirical formula C.H.O0. What means would: 
you adopt, to assign it one of the three following possible constitutions— 
CH,C,H,OH, CH;-0-CsHs, C,H,CH.0OH? B.Sc, London 1931. 

5. How is phenol obtained from coal-tar, and what are its industriak 
applications 9 B.A. & B.Sc., 1937, Bombay Uni. 

6, Compare and contrast the behaviour of ethyl alcohol and phenol, anc 
mention the products obtained by the action of (a) chlorine, (b) nitric acid, 

and (c) sulphuric acid on each. B.A. & B.Sc. Pass, 1936. Allahabad Uni. ; 
B.Sc. 1949, Gauhati Uni. 


how you would distinguish, by (a) physical tests. and 


. Indicate j ) 

(b) Reel tests, between catechol and resorcinol. :B.Sc., 1932, Punjab- 
University. 

introduce the hydroxyl group into 


8. State how you would proceed to i 
a benzene ring. B.Sc. 1930, Punjab Uni. 

, What roducts are formed by the nitration of phenol? How ma 
HIG them Hoe obtained in a pure condition ? Discuss the effect of দ 
introduction of nitro groups on the properties of the phenolic -OH. B.Sc. 
Degree Exam., 1942, Annamalai Uni. 

10. Give the chemistry of (a) the dihydric phenols and (b) the phthalic 
acids. B.Sc. Degree Exam., 1941, Annamalai Uni. 

11. How is phenol isolated from coal-tar ? Mention its main physical and 
chemical properties. How could it be derived from benzene and be converted 

Determine the constitution of phenol, and state what is 


into benzene? 
bE Saann'S reaction. B.A. & B.Sc. Degree Exam., 1932, Andhra Uni. 


CHAPTER XL 


THE AROMATIC ALCOHOLS, ALDEHYDES, 
KETONES AND QUINONES 


i 2 ide-chain 
The aromatic alcohols.—If an -OH group enters the side 
of an aromatic hydrocarbon, an aromatic alcohol results. ‘The simplest 
is benzyl alcohol, C,H,.CH,.OH. In their general behaviour as well 
as mode of formation, they resemble the aliphatic alcohols and are 
classified as primary, secondary and tertiary likewise. They can be 
prepared: - ন 


(1) By heating the corresponding halogen derivatives with Water, alkalis 
or moist silver oxide (cf., method (1) in p. 93): 


C,H..CH.Cl + HO = C,H..CH.OH + HCI. 
Benzyl chloride Benzyl alcohol 


ii) By reducing aromatic aldehydes or ketones with so 
Cefn RR (3) i P. 94), hydrogen and a catalyst, 
hydride, LiAIH,. 


‘Sodium amalgam 
or lithium aluminium 


CH,CHO + 2H = C,H.CH.OH. 
Benzaldehyde Benzyl alcohol 


C:H,COCH, + 2H = C.H,CH(OH)CH.. 
Phenylmethyl ketone Phenylmethyl carbinol 


(iii) By the action of nitrous 


acid on primary aromatic amines having -NH,. 
group in the side-chain (cf., method (4) in Pp. 94): 


C;H;CH.NH, + HNO, = C:H.CH.OH + N, + H.0O. 
Benzylamine Benzyl alcohol 
(iv) By the action of caustic potash solution on aromatic aldehydes, the 
Corresponding alcohols’ are formed (Cannizzaro reaction, p. 130). Alcohols 
having the -CH,OH group linked to 


the benzene nucleus can thus be made. 
Benzyl alcohol May also be obtained i: 


by ‘crossed’ Cannizzaro reaction from 
benzaldehyde, formaldehyde and caustic soda. 


yt : 2C:H.CHO + KOH = C.H.CH.OH + C:H.COOK. 
tet “ Benzaldehyde Benzyl alcohol Pot. benzoate 


ড়, ..CHCHO + HCHO + NaOH = C.H.CH,OH + HCOONa. 


Like the aliphatic, aromatic alcohols form alcoholates, ethers, 


105 etc, under similar conditions. They 
are but aliphatic alcohols with a hydrogen of the alkyl group replaced 
by an aryl group ; thus benzyl alcohol, CH..CH,.OH, is Phenylmethy! 
alcohol or, phenylcarbinol. Due to the presence of Phenyl group, 
aromatic alcohols are less soluble in Water. (proportion of carbon to 
hydroxyl being. higher) and have higher boiling points than aliphatic 
‘alcohols of corresponding molecular weight. The Aromatic character 
is ‘Somewhat ' diminished by the side-chain ; thus nitric acid does not 
nitrate benzyl alcohol but oxidises the side-chain and bromine enters 
the side-chain instead of the ring. Aromatic alcohols are esterified b 
concentrated halogen hydracids more readily than the aliphatic. They 


are neutral and insoluble in alkalis (cf. phenols). 


henylcarbinol, CH CH,OH, Occurs free and as 
UTR PDF oils, e.g., jasmine oil contains the acetate. Tolu 
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and Peru balsams and storax (a resi ini i 
৫ I esin) contain its benzoic and ci i 
acid esters. It is best prepared in the laboratory by Oo জি 
mentioned above. OTA 
Preparation.—Benzaldehyde (30 c.c.) and a strong s ion ‘ 
€ .C.. ol uti. iti. 4 
(25 g. in 20 c.c. of water) are shaken vigorously in EG EE 
until a permanent emulsion is obtained. It is..allowed to stand Ov. on 
PT water (100 C.c.) is then added to dissolve.. the potassium EEE 
ormed. The solution is extracted with ether, and on evaporating off BEE 
on water-bath, benzyl alcohol is obtained. It is. purified by distillation. The 
unchanged aldehyde may be removed by shaking the ethereal solution with 
oe SUIT BNET SonAOr ore distillation. Two mols. of benzslde 
yde probably po ymerise to form benz: ] benzoate which the নীল 
to give benzyl alcohol and potassium beszoate AA ET LYCOS 


CH,CHO + OHCC:H, = CiH,COO.CH.CHs. 
Benzaldehyde Benzyl benzoate 
CH,CO|OCH.C,H. = CH; ls 
‘* ‘KolH Pot. EE দৰ ET et 

Most aromatic aldehydes having the -CHO group directly linked 
to the nucleus but not aliphatic aldehydes except formaldehyde give 
this reaction. Commercially, benzyl alcohol is .made by. boiling benzyl 
chloride (obtained from toluene, p. 342) with a. mild alkali such as 


milk of lime or sodium carbonate solution. 
Gl Ca(OH: Let iE sd 
GH,CH, —> CHs.CHCl —¥: GH..CH,OH | 
Toluene Benzyl chloride e Benzyl alcohol Jr 


Properties.—Benzyl alcohol is a colourless, pleasant-smelling liquid 
.p. 206°, d 1-05), miscible with alcohol or ether, but having a. sm 

solubility in Water. It has a burning taste. It.is distin ishable from 
sols as it is neutral, forms nO ‘galt with al alis, gives, no 
th ferric chloride and has a non-phenolic odour, . Benzyl 
with acids, benzaldehyde - and benzoic, acid 
on nitric acid, benzoxide. ‘with. sodium,... or 
potassium, benzyl chloride with Phosphoye ‘pentachloride .. an 
so on. It forms benzyl chloride with conc, AC in the cold unlike 
aliphatic alcohols. H. of HCl attaches itself’ to ‘the 0. of, OH and 
displaces an electron from the a-C atom towards the 0; this weakens 
the C—O bond and facilitates removal of, OH... The resulting posi; 
tively charged benzyl ion stabilises by resonance ‘and readily adds a 
Cl- to form benzyl chloride BEND Ee 


+ ' kl be + 
CH. >0:H Vd QH:CH; + HO: 


C.H,CH:OH + HCl > CH. 
GHCH, + CF 5 CH.CH,C | 2 i tse 


GHCHOBL Ee, 
Benzyl alcohol by 
AMES EES: 
ড H . C.H:CH,ONa ....,t CH CCH. 
CEH, CH:Cl CHCOQ Sodium benzoxide Ft ee A Kl CEO OGCHs 


~ Benzyl chloride 
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Benzyl alcohol is reduced to toluene by hydriodic 
of phosphorus, sodium amalgam or lithium aluminium 
sulphuric acid forms no ester or cther but produc 
aqueous acid converts it into dibenzyl ether, (C,H,CH,).0. Benzyl 
alcohol has anesthetic and antiseptic Properties. It is used in ointments, 
the acetate and the benzoate are perfumes and also Plasicizers in 
synthetic resin manufacture. Yd 


B-Phenylethy] alcohol, benzyl carbinol, C;H.CH.CH.OH, a colourless liquid 
(b.p. 220°) occurs in the essential oil (attar) of white rose (about 60%); itis a 
common perfume. It may be obtained by reducing Phenylacetic ester with 
sodium and alcohol (Bouveault-Blanc reaction), 


acid in presence 
hydride. Conc. 
eS a resin; the 


Or reacting ethylene oxide with 
phenyl magnesium bromide in dry ether: 
C.H,CH,.COOC,H, + 4H = C.H;CH,.CH.OH -+ C,H,.OH. 
Phenylacetic ester 


B-Phenylethy] alcohol 
H.O 
CH.MgBr + CH —> CH:CH.CH.OMgBr —> C,H,CH,CH.OH 


On heating with alkali, the alcohol dehydrates into Styrene, C,H,.CH=CH 
Which makes polystyrene plastics. 7-Plenylpropyl alcohol H,CH,CH ন 
is used in blending perfumes. e- :CHCHOH, 


The aromatic aldehydes have the -CHO 
(e.g., benzaldehyde, C HCHO) or in the side-chai 0; 
acetaldehyde, CH,CH,CHO). Th in (e.g. Phenyl 
closely ; they are not treated here Separately. But the f i 
10 a-hydrogen, differ from the ali ’ LR TE 


cts. B হু 
hyde is a typical member of this group. TEES 


j with a dilute mineral acid, or by 
emulsin (Pp. 214) present in the almond. Benzaldehyde is separated 
by steam distillation and Purified by forming the bisulphite 


Benzaldehyde  Gluc: 1:0, + HON. 
Preparation.—(1) In the laboratory, benzaldehyde is 
boiling benzyl chloride with lead or copper nitrate solut 
alcohol, first formed by hydrolysis, is oxidised to benzald 
C:H.CH,C1 + H.O = C,H,CH,OH + HOI. 
Benzy! chloride Benzyl! alcohol 
2C,H,CH,OH + Cu(NO,), + 2HCI = 2C,H;CHO 
Be nzaldebyde 
Benzyl chloride (10 g.); water (50 c.c.) and cupric nitrate (8 p. 
in a flask for about six hours, while a stream of carbon iE re rofluxeg 
through the system in order to prevent the oxidation of b 
Or air. The liquid is cooled, and benzaldehyde Extracted with ether. The 
extract is shaken with a satuzated solution of sodium bis 
bisulphite-compound separates. It is filtered, Washed with ether, and finally 
decomposed .with dilute H.SO,. Benzaldehyde is agai 
dried, ether evaporated off on wat 


Prepared by 
ion.  Benzy} 
ehyde. j 


+ CuCl, + N.0; + 3H,O. 


2 (P. 899). 
lead or copper nitrate gives benzaldehyde. 
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C.H:CH.OH + O = C,H,.CHO + H.0. 
Benzyl alcohol Benzaldehyde 


(8) Dry distillation of calcium benzoate and formate yields benzal- 
dehyde (cf. aliphatic aldehydes, P- 182). 
(C,H; |COO),Ca = 2C,H.CHO + 2CaCo.. 
(HCO |O).Ca Benzaldehyde 


(4) Toluene, in carbon disulphide, is converted by chromyl chloride, 
CrO,Cl,, to benzaldehyde at 25°-45°; oxidation does not proceed 
further. An explosive intermediate compound separates, which is 
removed and hydrolysed to benzaldehyde with cold water. This is 
Etard’s reaction by which aromatic aldehydes are obtained from hydro- 
carbons. Industrially, toluene is oxidised by air, diluted with nitrogen, 
at 400°-500° in presence of VO; to benzaldehyde. 

C;H.CH; + 2Cr0,Cl, = C.H,CH(OCrCL.OH.. 
C,H,CH(OCrClL,OH); + 3H.O = C,H,.CHO + 2CrO(OH), + 4HCI. 

(5) Commercially, toluene is chlorinated to benzal chloride (P. 848) 
which is hydrolysed to benzaldehyde by heating with milk of lime 
under pressure, or with boiling Water in presence of iron powder. It 
is purified by steam distillation. Boric acid hydrolyses benzal chloride 
(but not benzyl chloride or benzotrichloride) to benzaldehyde. 


Gl H,O0 
C.H;CH, —> C.H,CHCl, > C,H,CHO -+ 2HCI 
Toluene Benzal chloride Benzaldehyde 
(6) Manganese dioxide and 65% H,SO, oxidise toluene in liquid 
hase to benzaldehyde at about 40° in presence of copper sulphate. 
Some benzoic acid is also formed. ‘The product, free from chlorine, 
is suitable for flavouring purposes. It is a commercial method. 


(7) By passing carbon monoxide and dry HCl into benzene at about 
50° in presence of anhydrous AlCl, and CuCl under 90 atmos. benzal- 
dehyde is manufactured. Formyl chloride, HCOCI, believed to be 

ন reacts with benzene. It is similar to Friedel-Crafts’ reaction 
Rn and may be applied to any aromatic hydrocarbon for directly 
Me oducing -CHO into the nucleus. The reaction (Gattermann and 
Roh) proceeds more smoothly with alkylbenzenes. 


C,H, + HCOCI = C,H,.CHO + HCI. 
Hydrogen in presence of palladium reduces benzoyl chloride 
£ ene solution to benzaldehyde. 
be GH,COC! + H, = C,H,CHO + HCL. 
operties.—Benzaldehyde is a highly refractive, colourless liquid 


Ig slightly soluble in water but highly soluble in alcohol and 
BUTE ‘is volatile in steam and has the pleasant smell of bitter 


Cn It is used as a flavouring agent and for making dyes such 
EES and brilliant greens, acridine orange R, benzoflavine, etc. 
as mM 


jons.—(i) Benzaldehyde is readily oxidised to benzoic acid on 
TE CE of benzoic acid are observed round the stopper 
fe . 


26 
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containing benzaldehyde, which is opened frequently. 
Sa HE oi labo which is autocatalytic, perbenzoic acid, 
C.H.CO-O-OH, formed, oxidises another mol. of benzaldehyde (cf. 
eracetic acid, P- 127). Perfectly pure benzaldehyde does not suffer 
SORA: Strong HNO, does not oxidise benzaldehyde in the cold, 


but gives mainly m-nitrobenzaldehyde ; dilute HNO, produces benzoic 
acid. 


2C,H,.CHO + 0, —> C:H.CO.O:H + C:H,.CHO —> 2C,H.CO.OH 


ii) Benzaldehyde gives most of the reactions of aliphatic aldehydes. 
i is seduced by sodium amalgam to benzyl alcohol, CH,CH,OH, 
and converted into benzal chloride, CsH;CHCI,, by PCl, (cf, acet- 
aldehyde, pp. 127-81). 


(iii) Slowly it restores the colour of SchifP's reagent, and reduces 
ammoniacal silver nitrate but not Fehling’s solution. 


(iv) It forms a crystalline bisulphite-compound with NaHSO,, and 
a cyanhydrin with HCN. The latter, on hydrolysis, gives mandelic 
acid, C,H,.CH(OH)COOH. 


C,H,CHO + NaHSO;, = C,H,CH(OH)SO,Na. 
Benzaldehyde sodium bisulphite 
C,H;CHO + HCN = C.H,CH(OH)CN. 
Benzaldehyde cyanhydrin or mandelonitrile 
(0) With hydroxylamine, phenylhydrazine, hydrazine, semicarba- 
zide, etc., benzaldehyde reacts like acetaldehyde (pp. 128-29), 


C;H:CH|O + H.INOH = H.0 + C.H.CH=NOH. 
Benzaldoxime 
:INNH.C.H, = HO + C,H.CH=N.NHC,H,. 


Benzaldehyde phenyll.ydrazone 
C,H.CH|O + H.IN.NHCO.NH, = H.0 + C,H.CH=N.NH.CONH.. 


CH.CHIO + H 


Benzaldehyde semicarbazone 
These derivatives exist in two stereoisomeric forms yn (or cis) 
and anti (or trans) like fumaric and maleic acid (p. 250), A 


CsH,—-C—H acid CH;—-C—-H 
| —> | 
HON 
“Anti-benzaldoxime (m.p. 128°) 
Unexpectedly, the anti-form of the oxime loses water more readily than the 
syn- when heated with acetic anhydride, and forms Phenyl cyanide, C,H,CN. 

Benzaldehyde differs from the aliphatic aldehydes as follows: 

(i) Having no hydrogen in the «-position, benzaldehyde does not 
readily polymerise, even in presence of acids and alkalis, like acetal- 
debyde (p. 181). It behaves like (CH,),C.CHO in this respect (cf, how- 
ever (iv) on p. 408) 


N-OH 
Syn-benzaldoxime (m.p. 35°) 


(i) With ammonia it does not ordinarily form an aldehyde- 
ammonia, but gives a colourless, crystalline compound. hydrobenza- 
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mide (m.p. 110°). Benzaldehyde-ammonia, (C,H CHO),NH,, is, how- 
ever, formed at low temperature. EI 


C,H,CHI|O + H.IN|H CH:CH=N\S 
AMEE [EEO HCO = 2CHCH: + 3HO. 
C,H,CH|O + H.IN|H C.H.CH=N 
Hydrobenzamide 


(fi) With concentrated aqucous caustic potash, it gives benzyl 
alcohol and benzoic acid by Cannizzaro reaction (p. 898), but no resin. 
This is characteristic of aldehydes having no hydrogen in the a-position 
(vide, p. 130). In the cold and with no excess of alkali, benzyl 
Denzoate, CHHCOO.CH,C,H,, is formed ; this intermediate product is 
hydrolysed to the acid and the alcohol under usual conditions of 
Cannizzaro reaction. Hydroxy aromatic aldehydes, however, do not 
give this reaction, the mechanism of which is uncertain. 

2C,H.CHO + KOH = C,H;COOK + C:H,CH.OH. 
Benzaldehyde Pot. benzoate Benzyl alcohol 


(iv) On refluxing with aqucous-alcoholic pot. cyanide, benzalde- 
hyde forms Venzoin, a ketonic alcohol. un he reaction recalls aldol con- 
densation (p. 181) and is known as benzoin condensation. Cyanide is a 
specific catalyst. 
C;H.CHO + HOCC.Hs = C,H;CH(OH)COC, H.. 

Benzaldehyde Benzoin 

ZOiNs © lourless, crystalline solid (m.p. 137°), is both a ketone and 
ডু IE LE Like fructose, it contains the -CHOH-CO- group, and so, 
reduces Fehling's solution. On oxidation with nitric acid, benzoin forms the 
diketone, benzil, C,H,CO.CO.C.H;, a yellow crystalline compound (m.p. 95°). 
[6 heating benzil with aqueous-alcoholic caustic potash for a while on a boil- 
ing water-bath, pot. benzilate is formed, from which benzilic acid, 
(OH).C(OH)COOH, in eolourless needles (m.p. 150°) is obtained with dilute 
HS0:. This is benzilic acid rearrangement. 

(0) Benzaldehyde, like other aromatic aldehydes, condenses on 
heating at 180° with the anhydride of a fatty acid in presence of its 
sodium salt (anhydrous) to give aB-unsaturated acids. Sodium car- 
Donate or pyridine may replace sodium acetate which serves as a base 
Perkins reaction). According to Perkin (1877), the aldehyde condensed 

SEH Tle anhydride, and sodium acetate was the condensing agent; 
Fittig Dowever, thought that the anhydride was the condensing agent. 
Perkin’s view is now held to be correct. 

CH,CHO + B.H,C.CO.0.CO.CH, —> CiH,CH(OP).H.C.CO.0.COCH, —> 

Benzaldehyde Acetic anhydride 

C;H,.CH=CHCOOH + CH,COOH 
Cinnamic acid 

yi) In presence of dilute caustic soda, benzaldehyde and acetal- 

SE condense to form cinnamic aldehyde at room temperature. 
OF HICHCHO = C,H.CH=CHCHO + HO. 
GHC! Cinnamic aldehyde 


amaldehyde, a liquid (b.p. 246°), is the main 


; de, cinn: 3 টে 
Cinnanie HE (obtained from the dried inner bark of cinnamon 
constiti a 
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i row in Ceylon, South India, Java, etc.) and oil of cassia. It is 
ENE in perfumery and in flavouring essences. 

Similarly, with acetone at room temperature, benzaldehyde forms benzy- 
lidene acetone, CsH.CH=CH.CO.CH;. Such a reaction between an aromatic 
aldehyde and other aldehydes or ketones with a -CH.-CO- group i.e., having 
two. u-hydrogen atoms, in presence of caustic soda, is called Claisen’s reaction. 
Claisen’s condensation is, however, the condensation of an ester, in presence of 
sodium ethoxide, with another ester, a ketone or a nitrile (p. 197). 


(vin) With aniline, benzaldehyde readily condenses, on Warming, 
forming benzylideneaniline (m.p. 52°). 
C:H,CH|O + H.INC,H, = C.H,.CH=NC,H, + H.0. 
Benzaldehyde Aniline Benzylideneaniline 
These condensation products of aldehydes and primary aromatic amines 
are called anils or Schiff’s bases. 


On hydrolysis, they give the Original 
aldehyde and amine; on reduction, secondary amines are formed. 


(vin) With tertiary aromatic amines (e.g, dimethylaniline), benzal- 
dehyde in presence of zinc chloride forms triphenylmethane derivatives. 


| H|C,H.N(CH;), /C:H.N(CH,), 
C.H.CHO + = CiHCH< 4+ H.0. 
HIC.H.N(CH), C,H.N(CHS), 
Tetramethyldiamiootriphenylmethane 
(ix) Benzaldehyde gives with dry chlorine at boiling temperature 
benzoyl chloride ; there being no H at the a-carbon, the H of -CHO is 
replaced by chlorine. In presence of a halogen carrier, m-chlorobenzal- 
dehyde results. 


C.H;CHO + Cl, = CLH,COCI + HCI. 
Benzaldehyde Benzoyl chloride 
Salicylaldehy de, o9-hydroxybenzaldehyde, CH,(OH)CHO, occurs in 
the oil of meadow-sweet. The glucoside, salicin, of willow bark (Latin 
salix willow) 


and poplar buds contains saligenin, o-hydroxybenzyl or 
salicyl alcohol, C,H,(OH)CH.OH. Sali 


licyl 10, cylaldehyde is obtained by 
oxidising saligenin with chromic acid. It may be made from phenol 
by . Reimer-Tiemann reaction, discovered in 1876 in Hofmann’s 
laboratory in Berlin in an attempt to see what happens when a primary 
amine is replaced by a phenol in the isocyanide reaction (P. 79). 
Phenol (1 part), chloroform (2 parts) and caustic otash (3 

together to 60°-70° under reflux with water (5 A) Lor EAD FE 
Salicylaldehyde with about 10% The mixture 


t of its P-isomer is thus formed. 
is acidified with dilute H,SO, and steam-distilled. Salicylaldehyde passes with 
). It is extracted with 


steam leaving behind the solid ?-compound (m.p. 116° 
ether and purified by combining with bisulphite. It has a chelate ring of 
intramolecular hydrogen bond ; the p-isomer forms hydrogen bond with water ; 
this reduces its volatility in steam. 


; KOH 
HOC,H.IH + CICHClL, — > HOGH.CHCL, > 
Phenol Chloroform 


HOC,H,CH(OH), ——> HOC.H,CHO + H.0 


f 0- & P-Hydroxybenzaldehvde 
Salicylaldehyde is a pleasant-smelling, colourless liquid (b.p. 195°). 
In aqueous solution, it gives an intense violet coloration with ferric 
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chloride. On reduction, it forms saligenin, C;H,(OH)C. 

2 L TEC on, LUIS 2» Lot, H.OH, 
oxidation, salicylic acid, C,H,(OH)COOH. NEEL DEEL 
oxidises it to catechol (p. 398). Salicylaldehyde does not reduce 
ERE enon or give Schiff's test, possibly due to chelate ring 
ormation but reduces ammoniacal silver nitrat | i 

It stains the skin yellow. E CONE En 


Vanillin, m-methoxy-p-hydroxybenzaldehyde, C.H,(OH. i 
flavouring constituent of vanilla pods. 0 ECE TEESE 
limes. as colourless needles (m.p. 80°). Another source is eugenol, the chief 
constituent (80-90%) of oil of cloves and West Indian Bay oil (5095). The 
oil is heated with aqueous caustic potash ; iso-eugenol thus formed is oxidised 
to vanillin with nitrobenzene or ozone. : 


ZA 


HO ) KOH HON 0 HO 
CHO -CH,CH:CH, 160° CH. 3 | CH:CH.CH, En [e! \ ote 
NA RO PCG SNe MNT Lr? bg Ne 
Eugenol Iso-eugenol Vanillin 
Guaiacol (p. 394) gives vanillin by Reimer-Tiemann reaction (p. 404). 
CHCI, CHO 
১ CHCL KORA 
Ee > () 
Ss OCH, “KOH SS 7 OCH, NE OCH, 
OH OH OH 
Vanillin 


Guaiacol 


U.S.A. makes vanillin. from lignin-sulphonate, a waste product in paper 
manufacture, by heating with alkali. Vanillin gives a blue colour with ferric 
chloride. It is a stronger acid (kK = 4:8X10-°) than phenol. 

The aromatic ketones or phenones, like the aliphatic, have the 
general formula R.CO.R’. They are of two types according as one or 
Both the radicals, R and R’, are aromatic ; acetophenone, C,H.CO.CH,, 
and benzophenone, CH,.CO.CiH;, are examples. These ketones 
exhibit the typical properties of the -CO- group (p. 187) as well as 
aromatic character. They are solid with an agreeable odour. No 
aromatic ketone forms a bisulphite compound. 

Acetophenone, phenylmethylketone, CH,COCH,, occurs in coal- 
tar and some essential oils. Chromyl chloride oxidises ethylbenzene to 


acetophenone. It may be obtained (i) by the dry distillation of calcium 
Benzoate and acetate. ‘A little benzophenone and acetone are also 


formed. 
(C.H,|COO).Ca = 20,H.COCH, + 2CaCO.. 
+ Acetophenone 
(CH,CO!0),Ca 
y and in better yield, it is prepared by Friedel- 


ii) More convyenientl 
from benzene and acetyl chloride or acetic 


Crafts’ reaction (p. 827) 


anhydride: 
C,H. + CH,COCI = CH,COC,H; + HCI. 


n.— Benzene (75 c.c.) and finely powdered, anhydrous aluminium 
chloride (30 g.) are taken in a dry flask fitted with a reflux condenser. The 
flask is cooled in cold water, and acetyl chloride (20 c.c.) is slowly added from 
a tap-funnel with shaking. The mixture is heated on water-bath at about 50° 
for an hour. When no more HCl evolves, it is cooled and poured into water. 


Preparatio 
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ily layer contains acetophenone and benzene. It is washed with 
es iste: 3002 and dried with calcium chloride. Acetophenone is obtained 
by distillation. 


(#5) Commercially, it is made by oxidising ethylbenzene, 
C,H,CH,CH,, with air in presence of vanadium pentoxide at 145° 


Properties.—Acetophenone is a colourless liquid (m.p. 20°, 
202°) with a fragrant smell. It forms an oxime 


Zone, etc. but little bisulphite compound due to the inhibiting action 
of the phenyl group. It is reduced to Phenylmethyl carbinol, 
C;H,.CH(OF)CH,, by sodium and alcohol and to ethylbenzene by 
amalgamated zinc and HCl; selenium dioxide oxidises it to phenyl- 
glyoxal, C;H;CO.CHO, and pot. permanganate to benzoic acid, 
CH,COOH. It is volatile with steam, and gives iodoform with iodine 
and caustic soda. Acetophenone was formerly a hypnotic under the 
name hypnone; it has been displaced by better ones. It is used in 
Perfumery, as a solvent, and also in making styrene, certain dyes and 
Pharmaceuticals, 


b.p. 
» a cyanhydrin, a hydra- 


w-Chloroacetophenone, 
terminal C-atom in a chai 
acetic acid, is a relatively 


ive lach ar of 
employed for dispersing crowds. ETL atory(tear gas) 


Benzophenone, diphenylketone, CH,.CO.CH,, may be prepared 
by distilling calcium benzoate, or by the action of benzoyl chloride, 
carbon tetrachloride or carbonyl chloride on benzene in Presence of 
aluminium chloride (Friedel-Crafts). 


C,H,COIC! + HICH; = C.H,COC,H, + HCI. 
Benzoyl chloride Benzophenone 


AICI, NaOH 
2C:H, + CCL, ——> C.H..CCIL.CH, > C.H,COC,H, 
Benzophenone H.0 
dichloride ন 


CsHS{H + ClI—CO-—ICL + HICH, =C,H,.CO.C.H, + 2HCI. 
Carbonyl chloride Benzophenone 


Diphenylmethane, on oxidation with chromic acid, forms benzophenone 
Which resists further oxidation : 


C.H.CH.C,H; + 20 —> C,H.COC.H, + H.0 
Diphenylmethane Benzophenone 


Properties. —The colourless, fragrant-smelling crystals of benzo- 
Pphenone are dimorphous. The ordinary, stable form (rhombic) melts 
at 49°; this, on distillation, passes on to the unstable Variety (mono- 
clinic) melting at 26°. The latter changes to ihe stable form at all 
temperatures. It is insoluble in water but soluble in alcohol and ether. 
It yields an oxime but no bisulphite-compound or cyanhydrin. Sodium 
amalgam reduces it to benzhydrol Or diphenyl  carbinol, 
C,H;CH(OH)C,H;, a secondary alcohol; zinc and acetic acid give 
benzpinacol, “(C,H,).C(OH).C(OH)(C,H.) 


- OE s)2 (cf, reduction of acetone 
P: 187). Heated in acetic acid with a little l,, it forms benzpinacolone, 
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C,H,.CO.C(CH;).. On distilling with zinc dust, or reducing with 
hydriodic acid, diphenylmethane, C;H,.CH,..CsH;, results. By fusion 
with caustic potash, we get benzene and pot. benzoate. 

Ketoximes exist in syn- and anti-forms, their configuration m: 
determined as follows. In presence of H:SO.,, HCl! or PCI; int ele, a EE 
forms a substituted acid amide by intramolecular rearrangement known as 
Beckmann transformation. The transformation takes place only in the cati- 
position, the mechanism of which is yet obscure. 

R-C-R’ R-C-—-OH R-C=0 
[| —> I — > | 
HON R’—-N NHR’ 


The amide, on hydrolysis, gives the corresponding primary amine, R'NH.. 
By its identification, we know that R’ was in the anti-position with respect to OH. 
Quinones.—It two H atoms of the nucleus are replaced by two 
oxygen atoms, we get quinones. They are cyclic diketones, having no 
aliphatic analogue. Polycyclic compounds may have the keto groups 
in different rings. In quinones, the two keto groups are linked by 
conjugated double bonds. Only o- and p-quinones are known. Qui- 
nones have been isolated from flowering plants, fungi, bacteria, insects 
and lichens; their biological functions are not yet clear. #-Quinones 
are generally yellow solids with a pungent smell while o-quinones are 
usually orange or red. They sublime undecomposed and are volatile in 
steam with slight decomposition. ‘They are readily reduced to dihydric 
henols and so behave as oxidising agents. ‘The simplest and most 
important is f-benzoquinone, simply called GE SR , 
Quinone, C,H,O,, was first obtained in 1888 by oxidising quinic 
acid, C,H(OH),COOH (present in ‘cinchona bark), whence the name. 
d by suitably oxidising many p-substituted benzene 


ay be prepare . : 4 
HEARE a as quinol, p-phenylenediamine, amidophenol, #- 


henolsulphonic acid, etc. Benzene can be directly oxidised to quinone 
with silver peroxide Dut the yield is poor. The usual method, however, 
is to oxidise aniline with pot. dichromate (or manganese dioxide) and 
sulphuric acid. The reaction 1s complex. Aniline black is an inter- 


mediate product. 
C.H.NH, + 20 —> C,H.0; + NH; 


=: = di a Jed ; powdered pot. dichromate 
Anime js Biselved ib SMR GT erattre ket Below 50, Te fo 
I TE with ether. On evaporating the solvent, quinone crystallises. It is 
i sublimation. Y 
one forms golden-yellow prisms (m.p. 116°) SON LAE 
on exposure to light. It has a pungent, pepper-like odour, Itis 1 tly 
ble in cold, but fairly soluble in. hot, water and readily dissolves in 
solu ] and ether. Quinone is easily reduced by sulphur dioxide in 
alcoho A uinol (p. 895) and forms quinhydrone (p. 895); on oxidation, 
water q mainly into maleic acid (p. 250). It reduces ammon. silver 
it brea i Ee cold, and liberates iodine from acidified pot. iodide 
. Quinone is Volatile in steam. It is used in tanning. 
Conitufion of. quinone-—(). Sino ih To died bec to auinol 


রন ‘dati ives quinone, C:H 0s, h J ack Cc 
on mild existed benzene derivatives yield quinone on oxidation. With 
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i i -di .. So it is a 
TUS entachloride, quinone forms P-dichlorobenzene. 
PE Quinone is, therefore, either 


তে C=0 
HC fe oe 
| or 
HC \ CH HOCH 
( (o) Go 
I 


(b) It combines, in chloroform solution, with 
bromine (and chlorine) at room temperature and in absence of sunlight and 
forms di- and tetra-bromide, C,H,O.Br., and C.H,O.Br.. Quinone thus contains 
two and not three double bonds as required by (D. (c) Silver OXide breaks 
quinone mainly into maleic acid (p. 250). Quinone, therefore, has the quinonoid 
structure. (1) Suggests the existence of m-quinones as yet unknown. Spatial and 
bond distance Considerations also £0 against (D. 


(iii) The parachor values for quinone agree with (I) which also accounts 


for its colour ; this quinonoid grouping (a chromophore, P. 374) occurs in many 
coloured compounds. 


Chloranil, tetrachloro-p-benzoquinone, C.ClL.O,, is a fungicide, and an 
oxidant in the dye industry. It is Obtained from aniline or phenol by i 
with pot. chlorate and HCL (p. 387). Chlorination and Oxidation take Place 
Simultaneously. It forms yellow plates (i -p. 290°), sparingly soluble in LC 

linone, on chlorination, Lives chloranil. Nitric acid Oxidises Pentachloro- 
phenol, C,Cl.OH, to chloranil. 


0-Benzoquinone, CH,O,, is made by oxidisin: 
ture catechol, in dry ether, with silver o: 
sodium sulphate which takes up the w 


Xide in presence of anhydrous 
NH..C.H,.OH, on oxidation, gives o-be 


ater formed. 9-Aminophenol, 


nzoquinone. 
OH C=0 
i fl OH 0 a c=0 
I HC\ CH 
Catechol ৰ 


9-Benzoquinone forms light-red, crystalline plates which decom- 
Pose at about 70°. It is reduced to 


] 1 catechol by sulphur dioxide in 
Water. It is non-volatile and also odo i 

colourless, prismatic form is also produced during the Preparation, which 
readily passes on to the red Variety. identi 

The non-existence of m-quino 


QUESTIONS 
* How do you prepare (a) salicylaldehyde, (b) cinnamic aldehyde, 
(C) vanillin and (d) acetophenone? 


2. What is the action of HNO, on (a) alcohol, (by benzaldehyde, (c) 
Blycerol, and (d) toluene? State the conditions of ‘the Teactions necessary 
in each case. 


£ at room tempera- . 
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3. How is benzaldehyd: Ys i 
with those of a cele MeDVE SEE EEE Ee ELODIE 
) B.Sc. Pass, 1935, Dacca Uni d 
Degree Exam. 1934, Andhra Uni. ) SA0dNBL. SBS 
4. Compare and contrast the properties of aliphati 
atic and i 
Er B.A. and B.Sc. 1937, Bombay Uni ; Bon) bI UAB Sen OB 
- How is benzaldehyde obtained from toluene? Wh: i NEI 
of benzaldehyde with (a) KOH, (b) HCN. Ne MEET EI 
Pass, 1938, Bombay Uni. EEN OO EON ONLINE LUE 
6. How would you differentiate between an: i i 
b ii ly of the foll £ 
ale a EY (ii) Prine and benzyl alcohol, Gi EEE 
and propyl acetate, (iv) acetaldehyde and benzaldehyde ? 
1935, Allahabad Uni. AEA ED 
7. Give some account of the preparation and i 
‘quinones. B.Sc. London, 1925. ESA 
8. How would you prepare benzaldehyde starting from (a) benzene 
“(b) toluene, and (c) benzoic acid? Explain the reactions involved i 2 
B.Sc. Pass, 1936, Calcutta Uni. PN A 
s 9. The contents of four unlabelled bottles are known to be (a) cyclo- 
hexanol, (b) ethylene glycol, (c) acetophenone and (d) phenetole. Describe 
experiments you would perform in order that the bottles could be accurately 
labelled. A.L.C. 1941. 
10. How would you prepare from benzaldehyde : benzoic acid, benzyl 
alcohol, benzylidene chloride, benzoin, benzil, mandelic acid and cinnamic acid ? 


11. Write short notes on the following: (a) the Friedel-Crafts’ reaction, 
“(b) the benzoin condensation, (c) the Cannizzaro reaction, (d) aldol condensa- 
tion, and (e) the Reimer-Tiemann reaction. B.Sc. Degree Exam., 1941, Anna- 


‘malai Uni. 

12. How is benzaldehyde prepared on a large scale? Compare its 
‘properties with those of aliphatic aldehydes. What is the action of KCN, 
ammonia, and NaOH on it? B.Sc. 1942, Agra Uni. 

13. Write an essay on the uses of Friedel-Crafts’ Reaction in Organic 


‘Chemistry. B.A. & B.Sc., 1936, Andhra Uni. 

14. How would you prepare benzaldehyde from toluene? State its 
reactions and show in what respects they differ from those of acetaldehyde. 
‘Give equations. B.Sc. 1950, Gauhati Uni.,; B.A. Degree Exam. 1941, Madras 
"Uni. 

15. 0'836 g. of a compound, treated with HI, gave CHI which, with excess 
of alcoholic AgNO,, produced 1°424 g. Agl. On oxidation, it passed on to 
C,H.O.. If the molecular formula of the compound is C;Hi,,0,, What is its 
possible structure ? Ans. CHAOCH,)CH.OH, 0-, m- or P-. 


CHAPTER XLI 
THE AROMATIC CARBOXYLIC ACIDS 


The aromatic carboxylic acids are derived from the aromatic 
hydrocarbons by the replacement of one or more H-atoms by a Corres- 
ponding number of -COOH groups. The carboxyl may be linked to 
the nucleus or to the side-chain ; this, makes no appreciable difference 
in their behaviour. Benzoic acid, C;H,COOH, phthalic acids, 
C,H,(COOH),, etc., are true aromatic acids and belong to the first 
group, while DPphenylacetic acid, C,H,CH,COOH, cinnamic acid, 
CH,.CH=CH.COOH, etc., are aryl-substituted aliphatic acids and 
come under the second. The aromatic acids resemble the aliphatic in 
forming salts, esters, anhydrides, etc. But due to the presence of the 
negative phenyl group, they are somewhat Stronger acids (k for n-cap- 
roic acid is 1°4 x 10-5, but for benzoic acid, 6:86 x 10-5). Any substituent 
other than -NH,, irrespective of its electronic effect in the 0-position 
(but not m- or p-) of benzoic acid, gives a stronger acid. ‘They are less 
soluble in water owing to higher proportion of C to COOH ; the aro- 
matic acids are much less volatile and melt at a much higher tempera- 
ture than aliphatic acids of similar mol. Wt. The carboxyl in an 
aromatic acid is more readily reduced than in an aliphatic acid’; benzoic 
acid gives benzaldehyde on electrolytic reduction, and benzyl alcohol 
with sodium amalgam. ‘They are readily halogenated, nitrated or sul- 
Phonated. On heating with soda-lime (and sometimes alone), these 
acids split off carbon dioxide; benzoic acid, C,H,LCOOH, thus gives 
benzene ; gallic acid, C.H(OH),COOH, forms Pyrogallol, C,H,(OH), 
(cf., formation of methane from sodium a 


cetate, p. 41). 

General methods of preparation.—(1) Aromatic acids are commonly 
Obtained by oxidising homologues of benzene with dilute nitric acid, chromic 
acid, or alkaline pot. permanganate. A side-chain is thus converted into a -COOH 
group ; the longer the chain, the easier the Oxidation. Evidently, we thus obtain 
only acids with -COOH attached to the nucleus. By Passing toluene vapour and 
air over vanadium pentoxide at about 400°, benzoic acid is manufactured. 


C:H.CH, + 30 = C.H.COOH + H.0O. 


Toluene Benzoic acid 
C;H;CH.CH.CH, + 90 = C.H,.COOH + 2C0, + 3H.0. 
Propylbenzene Benzoic acid 


Tf there be more than one-side-chain, oxidation may be limited to one or 
all the side-chains : dilute nitric acid generally oxidises One while chromic acid 
in acetic acid, or alkaline pot. permanganate all the side-chains, to -COOH. The 
longer of two side-chains is oxidised first. 


.C,H,.CH, —> HOOC.C.H..CH, —> HOOC.C,H,.COOH 
STE NG LT ONES CH 


(2) Oxidation of aromatic alcohols or aldehydes gives aromatic acids : 
C,H.CH.OH + 20 = C,H.COOH + H,0. C,H.CHO+0=C 


sH.COOH. 
Benzyl alcohol Benzoic acid Benzaldehyde Benzoic acid 
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(3) Hydrolysis of aryl cyanides (or nitri 

vd Ly f VA nitril i i ij 
REY be obtained from diazo-salts Ue I ES 
y distilling potassium sulphonates with pot. cyanide (p. 380). ion) GEST 


C.H.CN + 2H.O = C,H,COOH + NHE.. 

Phenyl cyanide Benzoic acid 
C,H.CH(OH)CN + 2H.O = C.H.CH C 
Mandelonitrile ন ME LEGO RIS 


(4) Carbonyl chloride and a hydrocarbon in pre: f ini jl 
form an acid chloride (Friedel-Crafts’ reaction) EO HES 5 


H.0 
C.H.IH + CHCOC! —> C,H,COCI —> CH;COOH + HCI 
Benzoyl chloride Benzoic acid 


erwise ketones are formed (cf. pre 
e and. carbon dioxide (at about 
luminium chloride to form benzoic 


Carbonyl chloride must be in excess oth 
paration of benzophenone, Dp. 406). Benzen: 
60 atmospheres) react at 100° in presence of a 
acid and benzophenone, C,H.CO.C.Hs. 

Benzoic acid, C;H,COOH, one of the earliest known organic acids, 
occurs free in cranberries, gum benzoin, etc. and as the benzyl ester, 
C,H,CO.O.CH,CHs in many resins such as gum benzoin, Peru 
Dalsams, etc. On heating the resin, the acid sublimes off. As benzoyl- 
glycine or hippuric acid (hippos horse), it is present in the urine of 
herbivorous animals, notably (about 9%) in the urine of horses and 
cattle. It may be obtained therefrom by hydrolysing with moderately 
strong hydrochloric acid ; Scheele thus obtained it in 1785. Licbig and 
Wohler established its composition in their classical paper “The radical 


of benzoic acid’ in 1882. 
CH,CO|NHCH:.COOHF = C.H,COOH + H,NCH.COOH. 
OH'H Benzoic acid Glycine 


Benzoyl glycine 


Preparation.—(1) For medicinal use, § 
obtained from gum benzoin by sublimation. 

(2) The general methods are applicable for i 
aldehyde gives benzoic acid by Cannizzaro reaction (p. 408). 

(8) Commercially, toluene is chlorinated to benzotrichloride, 
C.H..CCl, (P- 348) which is hydrolysed at 50° with milk of lime in 
presence of iron powder to calcium benzoate. Benzoic acid is liberated 

cid. This, being sparingly soluble in cold water, 


with dilute mineral a 1g S| wat 
separates and is purified by recrystallisation from hot water. Oxidation 


of toluene by air in presence of stannic vanadate to benzoic acid is also 


followed industrially. 


some benzoic acid is even now 


its preparation. Benz- 


(6 H.0 HCI 
C,H.CHs —?:; EEL CCL Eo (C,H.COO).Ca —> C:H.COOH 
ic AARNE CACO EIS CAL Benzoic acid 


‘Toluene 


4) It is also manufactured by the partial decarboxylation of 


phthalic acid (obtained from naphthalene) by heating with lime, or 
heating phthalic anhydride with steam at 200° in presence of catalyst 


(chromium o-phthalate and disodium o-phthalate). 


C,HACOOH): —? C,H.COOH + CO; 
Phthalic acid Benzoic acid 


412 ORGANIC CHEMISTRY 


ide (5 g.) and sodium Carbonate Solution (5 g. in 50 c.c.) 
TS ET solution (10 £. in 150 C.c.) is slowly run down 
ক right condenser in about two hours. Manganese dioxide formed is dis- 
টু bs By sulphurous acid (made by adding 50 C.c. of strong hydrochloric acid 
an {00 c.c. of 20% solution of sodium sulphite Which also precipitates benzoic 
ad It is filtered When cool, washed and purified by recrystallisation from 
boiling water. 
2C,H,CH.Cl + Na.CO, + H.0 = 2C;H.CH.OH + 2NaCl + CO.. 
Benzyl chloride Benzyl alcohol 
3C,H.CH.OH + 4KMnO, = 3C,H.COOK + KOH + 4Mno,. + 4H.O. 
ন Pot. benzoate 
Properties.—Benzoic acid forms white, 
sparingly soluble in cold, but readily soluble in hot. water, in alcohol, 
and ether. It sublimes at about 100° and is volatile in steam. The 
vapour irritates the nose and throat and Provokes sneezing and cough- 
ing. The acid is a dimer (as shown by its mol. wt. in hydrocarbons), 
having a cyclic structure due to hydrogen bonds: 


70= > HS 
EE Lie 
[0) C-C.H, 
re TEL 


Its metallic salts are mostly soluble in water ; mineral acids liberate 
the free acid therefrom. Ferric chloride Precipitates buff-coloured 
ferric benzoate from neutral solution of a benzoate. On heatinz 
with soda-lime, benzoic acid readily forms benzene. As usual, it pro- 
duces esters with alcohols, an acid chloride w 
chloride and so on. Benzoic acid liberates carbon 
alkali carbonates. Sodium and boiling amyl alcohol reduce it to cyclo- 
hexane-carboxylic acid, CH, COOH, and lithium alumi 


Slistening plates (m.p. 191°), 


nium hydride 
gives benzyl alcohol, C.H,CH,OH. 

Uses.—Benzoic acid and some of its salt 
In large dose, it helps the climination of uric acid. Tts Vapour with 
steam is inhaled for disinfecting bronchial tubes. Sodium Cnzoate is 
a food preservative and also used for treating gout and Influenza. The 
acid is employed in curing tobacco and making aniline blue; its 
methyl and ethyl] esters are perfumes. 


Tests.—(i) A neutral solution of @ benzoate produces a buff- 
with ferric chloride. (ii) Heated with lime. inflammable benzene v: 
off. (iii) It is soluble in hot Water, but separates, on cooling, in fu 
plates. f 

Benzoyl chloride, CH,COC, is Prepared b 
acid with excess of Phosphorus pentachloride 
(cf, Preparation of acetyl] chloride, P. 161) 
sulphuryl chloride (b.p. 78°) is used. 


C:HCOOH + PCI, = C,H.COC! + POCI, + HCI. 
Benzoic acid Benzoyl chloride 


CsH,COOH + SOCI, = C,H.COC! + S50. + HCl. 


Benzoyl chloride (b.p. 198°) is separated from 


1 Phosphorus OXy- 
chloride (b.p. 107°) by fractional distillation. Industrially, it is obtained 


S are urinary antiseptics. 


coloured ppt. 
ApOur is given 
listening, White 


y distilling dry benzoic 
or sulphuryl chloride 
. Purification is Casier if 


Ein na ne 
EAE OOO as mh 
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by passing chlorine into boiling benzaldeh i 
A ct IG yde until no ydro- 
chloric acid is evolved (p. 404), or heating benzoic acid ন ES 


trichloride. 
C;H,CHO + Cl, = C.H,COCI + HCl. 


C,H,COOH + C.HsCCl, = 2C.H,COCI! + HCl. 


Benzoyl chloride is a colourless, oily liquid (sp. gr. 121) with a 
pungent and irritating smell. Its vapour causes watering of the eyes 
It is very slowly hydrolysed by hot water or dilute caustic soda Ee 
aliphatic acid chlorides). It readily forms crystalline derivatives ED 
compounds containing -OH, -NH, or “NH- groups by replacing the 
hydrogen with benzoyl group, C,HCO-. The process, called benzoy- 
lation (cf, acetylation, Pp. 162), helps detection of these groups in 


organic compounds. 
Benzoylation is done by 

the compound in excess of 10% 

benzoyl ch in reaction). The insoluble benzoyl derivative 

crystallises. Caustic soda and 

benzoate which remains in solution. 

soda to absorb the hydrochloric act 


NO;,C,H.COCI, may be tried if the benzoyl 
Benzoylation is sometimes preferred to acetylation in identifying organic com- 


pounds as this can be carried out in presence of water ; furthermore, benzoyl 
derivatives are less soluble in most solvents, have higher m.p. and generally 


crystallise better than corresponding acetyl derivatives. 


C.H;OH + CIOCC,H; + NaOH = C.H,OOC.CiHs + NaC! + H.O. 
Phenol Benzoyl chloride Phenyl benzoate 


Benzoyl perozide, (C,H;CO).0:, made by treating benzoyl chloride or ben- 
ide with ice-cold aqueous sodium peroxide, is a white solid (m.p. 104°). 


merisation Tre: 
sodium perbenzoate Ww 
41°). The acid converts a non-c 


oxide derivative quantitatively and is useful for es 
It liberates iodine from pot. iodide quantitatively. 
Benzoic anhydride, (C.H.CO).0, is prepared by heating benzoyl 
chloride and dry sodium benzoate (cf. preparation of acetic anhydride, 
, 168), oF slowly distilling benzoic acid with an excess of acetic 


Bb 4 
anhydride. 
a hE 
C.H,COICI + NalOOCC:. 
Benzoyl chloride 


Hs = C,H,CO.0.OCC.Hs + Nacl. 
Benzoic anhydride 


Benzoic anhydride is a white crystalline solid (mp. 49°), 
resembling acetic anhydride but much less reactive. It is practically 
unaffected by cold water ; boiling water slowly decomposes it to benzoic 
acid. It benzoylates alcohols, phenols and amines. 

H.CONH,, is obtained by beating ammonium 


nzamide, CoH. 5 
Be ee ledt ration of acetamide, P. 165), or 


in a sealed tube (cf., preparatior 0 
better, by the EB ction. of adueCus) amo: or ammonium carbonate 
i inary temperature. Ethyl benzoate and 


‘ “Partial hydrolysis of phenyl cyanide 


with alkaline hydrogen peroxide gives benzamide. 
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C.H:COONH, = C:H.CONH, + H.O. 
On. benzoate Benzamide 


C:H.COICL+ HINH, = C.H,.CONH, + HCL. C.HLCN + H.0 —_> C.H,CONH, 
cH.COICL + Hl 


Benzoyl chloride Benzamide Phenyl cyanide Benzamide 
enzo: 


ide forms white crytals (m.p. 180°), soluble in hot water. 
DEERE It is hydrolysed to benzoic acid by acids, and more 
rapidly by alkalis. It Lives metallic derivatives such as mercury 
benzamide, (CSH,CONH),Hg, with mercuric oxide, and both N- and 
O-ethers. This is explained by Assuming that benzamide CXists in 
tautomeric forms; the H of the -OH is replaceable by metals like 
Na, Ag, etc. 
OH 


0 
A Al 
H.C <> CHC 
Sr Cr NH 


Benzamide 


Benzonitrile, phenyl cyanide, CH,CN, is Prepared b 
benzamide with Phosphorus pentoxide (cf, acetonitrile). 


CH.CONH, = C.H,CN + HO. 
Benzamide Benzonitrile 


y heating 


almonds. On hydrolysis, it gives 
benzylamine (P. 862). 
CH.CN + 2H.0 = C:H,COOH + 


NH. CH.CN-+ 4H = C.H.CH,NH,.. 
Benzonitrile Benzoic acid enzylamine 


Substituted benzoic acids.—The carboxy] group deactivates the 
cnzene ring and is meta-directing ; substitution i ing i 
difficult. Meta-substituted benzoic acids may be directly obtained b 
nitration, halogenation, sulphonation, etc. The o- and P-derivatives 
he corresponding toluenes ; e.£., 0- 
ation, o- and P-chlorobenzoic acids. 


acid furnishes the “compound. Nitrobenzoic 
acids, on reduction, give aminobenzoic acids. The latter may be 


derivatives of benzoic acid 
(cf, Pp. 867-68). 


Anihranilic acid, 0-aminobenzoic acid, CsH(NH CooH, Was first 
Obtained from indigo by alkali fusion ployed for making 
indigo. It may be made by reducing o ন 
0-nitrotoluene with alcoholic caustic sod 
manufactured from Phthalimide (obtained from naphthalene) and 
alkaline hypochlorite. The acid, an important dye i 

white solid (m.p. 145°), sparingly soluble in water and alcohol. The 
aqueous solution tastes sweet. On heating to 205°, jt decomposes into 
aniline and carbon dioxide. Its sweet-smelling methy] ester occurs in 
Orange blossom and jasmine flowers. f-Aminobenzoie acid (m.p. 174°) 


[] 
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is vitamin Bx; its ethyl ester, benzocaine, is a l iC 5 
caine, H,NC,H,COOCH,CH,N(C,H.):, Ente EE 


Esters of benzoic acid are prepared by refluxi' ix 
benzoic acid, absolute alcohol and Ee 3% by i of dey Hydzochle 
acid gas for nearly three hours (Fischer-Speier method). Te EEE TO 
alcohol is distilled off, and the free acid removed with sodium Cal 
nate solution. The oily ester is separated, washed with water qried 
with fused calcium chloride and distilled (cf., ethyl acetate, Pp. 169) 


C.H,COOH + C:H.OH C,H,COOC: 
Benzoicacid — Ethyl OES Ethyl Coes LEED 


In presence of caustic soda, alcohols or phenols act upon benzoyl 
‘chloride to produce esters (Schotten-Baumann. reaction, p. 413). 


C.H.COCl + ROH = C:H:COOR + H:0 
Benzoyl chloride Benzoic ester 


Ithyl benzoate is a colourless, heavy liquid (b.p. 213°) with a smell of 
peppermint. Methyl benzoate (b.p. 199°), isomeric with phenyl acetate, 
CH,COOC,Hs, is a perfume. . Phenyl benzoate, C,H,COOC.H. (derived from 
phenol and benzoyl chloride) is a crystalline solid (m.p. 71°). These esters are 
hydrolysed by boiling alkalis less readily than the aliphatic. On. catalytic reduc- 
tion at about 150°, ethyl benzoate gives benzyl alcohol; with sodium and 


alcohol, it forms toluene. 


Esters of substituted benzoic acids.—Monosubstituted benzoic acids are 
ds form little or no ester 


readily esterified but di-ortho-substituted benzoic aci 
by Fischer-Speier method. This is independent of the nature of the substituent 
The following acids produce no ester with alcohols : 


groups. 
Br NO, CH; 
A I COOH () COOH COOH 
Br No: HC \/ CH, 


Dinitrobenzoic acid Mesitylene carboxylic acid 


the substituents in close proximity 


Dibromobenzoic acid 
According to Victor Meyer (1848-97), 

to the -COOH exert a protective influence on the latter, so that alcohol mole- 
cules are prevented from coming in contact with it. Consequently, there is 
no reaction. This is known as steric hindrance Or spatial interference. It is 


supported by the fact that mesitylacetic acid, 
{\ ch, 


H.C | 
|g CH,COOH, in which the carboxyl group is at the end of a chain, 


CH; 
(but not mesitylene carboxylic acid) canbe esterified as it is outside the sphere 
Esters of di-ortho-substituted acids can, however, be prepared 


of protection. 3 ll-OF 
from alkyl iodides and their silver salts. Once formed, it is again difficult to 


hydrolyse these esters. 

Saccharin, 0-sulphobenzoimide, was accidentally discovered by the American 
chemist, Ira Remsen . and his pupil, Fahlberg in 1879. After laboratory 
work, they were taking tea which tasted aor HET ENEEE LHe, case 
was traced to this compound ‘sticking to their fingers. Saccharin is com- 
mercially made from toluene which, on sulphonation with hlorosilphonie 
Tid forms o- and P-toluenesulphonic chlorides. The oily o-derivative (sepa- 
rated from its solid P-isomer by freezing) is converted into toluene-0-sulphon- 
amide, CH,C.H.SO,NH., by treating with ammonia or ANMOnIUM carbonate. 
This is oxidised with alkaline pot. permanganate to the alkali salt of o-sulphon- 
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amide of benzoic acid, KO,CC.H,SO,NH,. On acidification, it loses water to 
form the anhydride which is saccharin. 


CISO,H CH, NH, CH 


KMnoO, 
GH CH, NE CHL EH; SEE 20 
Toluene \so,c1 \SO.NH, 
COOK HCI COOH -H,O0 CO 
ZL N 
HH. — — > CH NH 
CHS SO.NH, 411 NSONH: od 


Saccharin 

Saccharin is a white, crystalline solid (m.p. 220°), slightly soluble in Water. 
The hydrogen of the -NH- group is acidic and replaceable by metals. It is 
nearly 550 times sweeter than cane-sugar, and is largely used as a sweetening 
material in tooth pastes, beverages and foodstuffs. It has no food value. The 
Sodium or ammon. salt, which is soluble in water, is generally used in concen- 
tration of about 1:10,000. A strong solution tastes bitter. In small doses, 
saccharin is harmless, but in large quantities, it has an anti-fermentation action. 
Diabetics take saccharin instead of cane-sugar which they cannot assimilate. 


CO 
The ammonium salt, sucramine, is still sweeter. The anion, C,H, NE 
2 
, iS responsible for sweetness which: 
increases with dilution. When the imide H is replaced by ethyl group, we get 
a tasteless compound. 


P-Toluenesulphonic chloride, a bye-product, is converted with ammonia 
into the sulphochloramide, called chloramine 7” or activin. Tt is a valuable 
antiseptic and scouring agent for cotton. 


Toluic acids, methylbenzoic acids, C,H,(CH,)COOH, are pro- 
duced by partial oxidation of 0-, m- and Pxylenes with hot, dilute 
nitric acid (p. 888). They may as well be Prepared from the corres- 
ponding toluidines by converting them, by diazo- and Sandmeyer’s 
reaction, into respective nitriles which are then hydrolysed to acids: 
CH, CH, CH CH 
CG EE HI 0) 
HEME NSIC Te SE SON TE HS CooH 
Toluidine Toluene diazochloride Cyanotoluene Toluic acid 
These are isomeric with Phenylacetic acid, C.H,CH,COOH, 
(m.p. 76°) which, on oxidation, gives benzoic acid; but toluic acids 
form phthalic acids. The o-, m- and frtoluic acids melt respectively 
at 108°, 110° and 180°. They closely resemble benzoic acid in their 
properties. o-Toluic acid is much stronger than the m- or p-. 
The phenolic acids contain both phenolic -OH and -COOH 
groups. These may be prepared (1) from aromatic amino-acids. by 
diazo-reaction, and boiling the diazo-salt in water: 


COOH HNO, Grn H.0 GHLECOH 
4 tet ——> CH, 
CHS NH, \NicI NoH 
Aminobenzoic acid Diazo-compd 
(2) By alkali fusion of sulphobenzoic acids: 
COOH KOH রা COOK 
CH, TTS 
\so.H Nok 


Sulphobenzoic acid 


in solution from saccharin or its salts. 


Hydroxybenzoic acid 


Hydroxybenzoic acid (pot. salt) 
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(8) By passing carbon dioxide over dry sodium phenate at about 
150° (Kolbe’s method): 


2C.H;ONa + CO, = C:H.(ONa)COONa + CH,OH. 


(4) By heating di- or tri-hydric phenols with aqueous ammonium 
or potassium carbonate to 100-180°. 


K.CO, 
C,HA(OH), —> C.H(OH).COOK 


(5) On boiling phenol, caustic soda and carbon tetrachloride 
together, 0- and p-hydroxybenzoic acids (as disodium salts) are formed 
(cf-, preparation of salicylaldehyde, p. 404): 


CCl, CCl HO (OH); COOH 
CHOH > CHK > CHK —> CHK 
OH OH OH 


Properties.—Phenolic acids are colourless, crystalline solids, more 
soluble in water and less volatile than their parent acids. Chemically, 
they behave both as phenols and as carboxylic acids. Many have 
antiseptic properties. The 0-compounds produce, unlike their m- and 
fr-isomers, a violet or blue coloration with neutral ferric chloride, and 
are also volatile in steam. ‘The acids form esters as well as ethers. 
Heated alone or with soda-lime, they lose carbon dioxide and form 
phenols. 

Salicylic acid, o-hydroxybenzoic acid, C;H,(OH)COOH, occurs in 
some essential oils, and Was first obtained by Piria (1888) from salici 

. 404), hence the name. Its methyl ester is the main constituent of 
oil of wintergreen. The acid may be prepared by methods on pp. 416-17; 
it is manufactured by modified Kolbe’s method: 

Dry sodium phenate is heated to 130° in an autoclave with carbon dioxide 
under about 1001b. pressure for several hours. Sodium phenyl carbonate 
formed gives, by molecular rearrangement, sodium salicylate almost quanti- 


fatively. The mass is extracted with water and salicylic acid liberated with a 
mineral acid. It is recrystallised from hot water or sublimed. With potassium 


, the main product is P-hydroxybenzoic acid at 150° and above. Pharma- 
BE salicylic acid is prepared by Saponifying oil of wintergreen with potash. 


CH,ONa + CO, —>; CIH,OCOONa —> C,H(OH)COONa 
Sodium phenate Sodium pheny lcarbonate Sodium salicylate 

Properties.—Colourless, fluffy needles of salicylic acid (m.p. 159°) 
are sparingly soluble in cold water but readily dissolve in hot water, 
alcohol, and ether. It is much stronger than the m- or p-isomer due 
to bridge formation by phenolic H with carbonyl O, which causes 
electron displacement towards the H-bond. The acid produces, like 
henol and resorcinol, an intense violet coloration with ferric chloride. 
On rapidly heating, it sublimes with slight decomposition. But on 
slow distillation, or when heated with lime, it decomposes mainly 
into phenol and carbon dioxide. It forms a mono-sodium salt, 
CH(OH)COONa, with sodium carbonate and a disodium salt, 
C,H,(ONa)COONa, with caustic soda. Bromine-water forms 2:4: 6-tri- 
bromophenol bromide, C,H,Br,.OBr, quantitatively—a reaction by 
which it is estimated. Bromine replaces the -COOH in aqueous medium 


27 
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i in nitrobe i -hydroxy- 
iving 2:4:6-tribromophenol, but in nitrobenzene solution, o ydrc 
HLS Lehzoie acid Leas. With fuming nitric acid, 2:4: 6-trinitro- 
hen! is Obtained from salicylic acid. 


Uses.—Salicylic acid is an odourless antiseptic and antipyretic. 
Its solution in collodion removes corns. It is a food Preservative, and 
also used in making some azo-dyes and perfumes. Phenyl salicylate 
(salol) and acetyl salicylic acid (aspirin) are common drugs. Salol Passes 
through the acidic stomach unchanged but in the alkaline intestine, 
it is slowly hydrolysed to Phenol and salicylic acid which act as anti- 
septic separately. Sodium salicylate is a remedy for rheumatism, 
Salicylanilide (Shirlan) is a preservative for cotton Size. 


Methyl salicylate, C;H.(OH)COOCH,, (b.p. 224°) is used in Theumatism, 
Sprains and bruises and also as a perfume. It may be Obtained from salicylic acid 
by heating with methyl alcohol and H.SO,. Phenyl salicylate C:H(OH)COOC.H,, 
is prepared by heating salicylic acid and phenol with carbonyl chloride or 
Phosphorus oxychloride; it is a White, crystalline solid (m.p. 43°), used ‘in 
some tooth pastes. B-Naphthyl salicylate (betol) has similar antiseptic properties. 

C,H.(OH)COOH + C.H.OH = C.H(OH)COOC 


cH; + HO. 
Salicylic acid Phenol 


Phenyl salicylate 


Aspirin, acetyl salicylic acid, C:H(OCOCH,)COOH, is obtained by acetylat- 
ing the acid with acetyl chloride or acetic anhydride in a Suitable Solvent, 
E.,. benzene. It is a white solid (m.p. 135°), Sparingly soluble in Water. 
Aspirin relieves headache and neuralgic pain. — About 13 million lb. are con- 
sumed annually in U.S.A. D-Aminosalicylic acid, 2-hydroxy-4-aminobenzoic 
acid (PAS), is given with Streptomycin to combat tuberculosis. In 1957 India 
imported 1,42,763 kg. of it, valued at Rs. 24,27,896. 


Anisic acid, p-methoxybenzoic acid, CH;OC,H,COOH, (m.p. 184°) is 
isomeric with methyl Salicylate. It is obtained by oxidising anethole (Pp. 388) 
with chromic acid.” It ives anesole (P. 388) on heating with Soda-lime 
Protocatechuic acid, 3:4-dihydroxybenzoic acid, C.H.(OH),COOH, is the 
most important of the six dihydroxybenzoic acids, and is derived from catechol 
by heating with ammonium carbonate and water at 140°. Tt results when 
certain Tesins, alkaloids, tannins, anthocyanins, etc. are fused with potash. 
Protocatechuic acid forms colourless, monohydric crystals Which Eradually turn 
black on exposure to light. At 100°, the anhydrous acid (m.p. 199°) is obtained. 
It behaves like catechol and benzoic acid. On heating, it loses Carbon dioxide 
and yields catechol. It reduces ammoniacal Silver nitrate (ctf., catechol, p. 394) 
and gives a green colour with ferric chloride. ‘It is highly soluble in water, 
Gallic acid, 3:4 C,H.(OH),cOo 
Blucoside. and also in the free state in various DI L Ce EEE 
of gall nuts, tea, etc. It is best obtained by boiling gall nut extract with dilute 
dcids and extracting the gallic acid with ether, in which tannin is insoluble. 
The acid crystallises in monohydric need ৰ) 


anhydrous at 120°. It is readily soluble in alcohol, ether and bo. [ind becomes 


gallol, CH(OH),. Its aqueous Solution produces With ferric salts বড 
precipitate, ‘and SO used as a marking ink. Pyro. ts a blue-black 
a few dyes are made from it. 


Tannins or tannic acid is the name given to certain astringent, amorphous 
and practically colourless substances Occurring in the bark, Wood, leaves, etc 
of plants. The tannin content of woods Varies widely with the species. TANG 
are of two types: polyesters Or depsides which are hydrolysable, and the 
catechol tannins or phlobatannins which are Condensation Products and not 
hydrolysable Tannins are mostly soluble in boiling water and alcohol but 


) 
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almost insoluble in ether; hot mineral acids decompose 

insoluble compounds with gelatine and other DEO মা TELS মম 
metallic salts. . They are consequently used in protecting hides from DAFA 
the process is called tanning. Tanned hide is leather. Tannins are aS 
employed in dyeing as a mordant ; they form insoluble, coloured stuffs vtE 
basic dyes. They are used as an astringent, for treating burns and dia ho 

and in making ink. Indian Myrabolan and Acacia catechu are POET EC HR 
mercial Sources for tannic acid. Chinese tannin is a penta-ester of gallic 0d 
with glucose. In U.S.A., tannic acid is extracted from nutgalls with" he 

saturated with ether. It is a light yellow powder. WT 


Ink.—Gallic acid forms a pale brown solution with ferrous i 
on atmospheric oxidation, turns blue-black. Ordinary writing inks EE 
of gallic acid, ferrous Sulphate, a little dilute H:SO, (which retards rapid 
oxidation) and gum arabic as a protective colloid. Indigo carmine or alizarin 
blue is added to deepen the colour, and a phenol as preservative. Such a mix- 
ture writes blue, the acid is neutralised by the alumina in the paper and oxidation 
changes it to deep blue which is the ferric salt. 


The phthalic acids.—The most important of the aromatic dibasic 
acids are the three benzenedicarboxylic acids, called phthalic acids: 


) COOH COOH N\ cooH 
7 cooH ত - HOOC 

S 
Phthalic acid COOH Terephthalic acid 


Isophthalic acid 


These may be prepared by the oxidation of the corresponding 
xylenes with dilute nitric acid, or toluic acids with alkaline pot. per- 
manganate. 

C,HA(CH,), —> C.H.(CH,)COOH —> C,H.(COOH), 

Xylenes Toluic acids Phthalic acids 
oth acid and normal salts and esters. The o-com- 
inner anhydride but not the other two due to 
Phthalic acid (k, = 126x107) is 


These form b 


pound yields an 
the distance of -COOH groups. 


stronger than isophthalic acid (k, = 29x10°') or terephthalic acid 
= 1'5x10-). On heating with soda-lime, they first give benzoic 
j COOH), —> C;H,COOH —> CH, 


acid and finally, benzene: CHA 
Phthalic acid, benzene-o-dicarboxylic acid, C,H.(COOH),, was 


formerly made by oxidising naphthalene, CoH, with fuming sulphuric 
acid at about 300° in presence of a little mercury or mercuric su phate 
as catalyst, discovered by accident in 1897. The mercury thermometer 
broke while stirring with it during sulphonation of naphthalene, 


phthalic acid was obtained in good yield. 


AA N\-coH -H.o ALE 

| | | —> | ee H | | 4 0 

SAA NG SAN 
Naphthalene Phthalic acid Phthalic anhydride 


The oxidation is now carried out by passing naphthalene vapour 
with excess air over vanadium pentoxide at about 860°. The yield 
is almost quantitative ; a little maleic acid is formed as a bye-product. 
Phthalic acid distils as the anhydride which, on boiling with water, 
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ields the free acid. o-Xylene is similarly oxidised to phthalic acid 
Lora Phthalic acid forms colourless plates (m.p. 281° with the 


formation of anhydride). It is moderately soluble in water, alcohol, 
and ether but insoluble in chloroform. 


Phthalic anhydride is largely used for making fluorescein, indigo, 
cosin and some other dyes. Cheap phthalic acid from naphthalene 
made the commercial synthesis of indigo a success. Anthraquinone 
(q.v.) is manufactured from phthalic anhydride. Dimethyl phthalate 
is a plasticiser, and an effective mosquito repellent ; diethyl Phthalate 
is a solvent for cellulose acetate lacquer. Phthalic acid and its metallic 
salts prevent the growth of mildew in paints in damp, warm climate. 
Synthetic plastics such as Glyptals are made from Phibalic anhydride 


and glycerine. 
LCOS f E 
Phthalic anhydride, CHS 70. may be obtained by heating phthalic 
CO 
acid to about 200° ; it is manufactu 


CO 
Phthalimide, nL ANF, is made “from phthalic anhydride and dry 


ammonia under pressure at 300°. Ammon. phthalate or Phthalamide 


phthalimide on heating. It forms a Potassium salt with alcoholic caustic HOt 
(cf. succinimide, p. 245) and melts at 238°. It is important for making 
anthranilic acid (p. 414) for indigo. 
A) COS HELO (CONE BANA \ NH, 
UNE >| লতা [| 
SAAS) COOH KOH \/ COOH 
Phthalimide . Phthalamic acid 


Anthranilic acid 
Tests for phthalic acid.—(i) On fusing with Phenol and concentrated H.SO,, 
Phthalic acid or its anhydride forms Phenolphthalein which gives a pink colour 
with dilute caustic Soda solution; (ii) On repeating test (i) with resorcinol in 
Place of phenol, a reddish solu 


bl tion with an intense Breen fluorescence is obtained, 
due to the formation of fluorescein. 


Tsophthalic acid (m.p. 346° be prepare idati 
with nitric acid or m-toluic acid ith HirRAred by the oxidation Of m-xylene 
acid is obtained simil 
the fluorescence test as the 0-com 


—methyl isophthalate melts at 65° but methyl terephthalate ai o 
condensing terephthalic acid and ethylene Elycol in vacuum and ন 2 
perature, a synthetic polyester fibre, called Teryl K. and Dacron in. 
U.S.A., resembling Nylon, is now manufactured. It melts at 249°, is 
inflammable but quite strong and resistant to light an 


gE ES ট d bacteria. It is only 
slightly hygroscopic, it dries very rapidly. 


Aromatic acids with -COOH in the side-chain resemble the 
aliphatic and may be regarded as such, a H-atom of the alkyl group 
having been replaced by an aryl radical. They are also similarly 


prepared, e.g., by oxidising the corresponding aldehydes and alcohols, 
by hydrolysing the respective nitriles, etc. 
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Phenylacetic acid, CLH,.CH,.COOH, is formed i 

f sH:.CH.COOH, when som: ify 3 

ES EEE bY Pein HE chloride EI EE 
Dt. ini out three hours, ing t i 

with boiling dilute sulphuric Ed Ht hr UES 


KCN H.O 
CsH,CH,Cl  ——?+ C.H.CH,.CN —> C:H;CH.COOH 
Benzyl chloride Benzyl cyanide Phenylacetic acid 


Phenylacetic acid crystallises in glistening, colourless plates (m.p. 76°). It 
has a very foul odour, but its ethyl ester is a perfume. Chromic acid or 
alkaline pot. permanganate oxidises it to benzoic acid. The isomeric toluic 
acids, C;H.(CH.)COOH, yield phthalic acids on oxidation. The halogen atom 
enters the nucleus or the side-chain according as halogenation is done in the 
cold in presence of a halogen carrier, or at the boiling temperature. Phenylacetic 
acid is stronger (k = 60X10) than acetic acid. It is added to fermentation 
medium to stimulate the yield of benzylpenicillin. 

Phenylpropionic acid, C.H.CH.CH,.COOH, is a crystalline solid, 
(m.p. 46°), soluble in hot water; it is prepared by reducing cinnamic acid, 
C.H,CH=CH.COOH, with sodium amalgam or condensing benzyl chloride with 
sodium ethyl malonate, hydrolysing and then heating the product formed : 


C:H,CH:|Cl + NalCH(COOEt): = C.H,CH,CH(COOE!), + NaCl. 


H.0 Heat 
C,H,CH,CH(CO:Et), —> C.H,CH.CH(CO:H): —> CC» :CH.CH,CO.H 


Cinnamic acid, B-phenylacrylic acid, C,H,CH=CHCOOH, is the 
most important aromatic Unsaturated acid. It occurs free and as 


benzyl ester in Peru and Tolu balsams and in storax. It may be 
Obtained therefrom by boiling with caustic soda and decomposing the 
It is usually made by Perkin's 


sodium salt with hydrochloric acid. 
reaction (p. 408): 


Benzaldehyde (20 c. 
(30 c.c.) are heated in a 


c.), fused sodium acetate (10 gs.) and acetic anhydride 
flask fitted with an. air-condenser for. about eight hours 


6 H ixture is poured into water (100 c.c. and 
oe Lene SR EOE “inchanged benzaldehyde ic LenOVed by 
steam-distillation. The filtered solution is acidified to precipitate cinnamic acid ; 
it is recrystallised from boiling water Or light petroleum. 

Benzaldehyde may also be condensed with fatty acid esters in 
presence of sodium ethoxide (Claisen’s reaction, Pp. 404); 


C,H,CHIO + H.I\CHCOOEt = C,H.CH=CH-COOEt + H.O. 
Ethyl cinnamate 


Commercially, cinnamic acid is made Dy heating sodium acetate 
in an autoclave (p. 848). 


and benzal chloride to 200° i 
C.H,CHICL + H.JCHCOONa = C,H,CH=CHCOOH + NaCl + HCI. 
Cinnamic acid 


Benzal chloride 

Properties.—Cinnamic acid forms colourless needles (m.p. 138°) 
and resembles acrylic acid (p. 286). Sodium amalgam reduces it to 
B-phenylpropionic or hydrocinnamic acid. It adds up bromine and 
also decolorises alkaline permanganate, forming P-phenylglyceric acid, 
C,H,CHOH.CHOH.COOH. Cinnamic acid is readily oxidised to 
benzoic acid. Distilled alone or with soda-lime, it gives phenylethylene 
or styrene—a pleasant-smelling liquid (bp. 145°) which readily poly- 
FA Eises at LOTdInety teMperatulerin PICSEnce of peroxides to a trans- 
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Plast i i ical insulator. 
hermoplastic resin, polystyrene. It is a good electrical insu 
 : eS Aa CEE from cthylbenzene (made from benzene and 
Sed) by catalytic dehydrogenation at 630°. 


C.H;CH=CH.COOH = C.H.CH=CH, + CO... 


Cinnamic acid Phenylethylene V 
Theory demands two isomeric forms of cinnamic acid (cf., fumaric 
and maleic acids, p. 250) viz. 
CsHs—C—H C.H;—-C-—-H 
[| and Il 
H-C—_COOH HOOC—_C—_H 
(Trans) (Cis) 


But six are known. The naturally-occurring or synthetic acid is 
the trans-form having two crystalline modifications, a- (diamond-shaped). 
and B- (needle-like); both melt at 188°. The «-form is more stable 
than the B-. The cis-form, allo-cinnamic acid, 
modifications (melting at 82°, 42°, 58° and 68°), 
cinnamic acid to ultra-violet light. These are mu 
chemically alike. They are all labile, 
the one with m.p. 68°. 
esters in perfumery. 


Cinnamic aldehyde, C,H,.CH=CHCHO, is the main constituent 
of oil of cinnamon (50-65%) and cassia oil (10-85%) from which it may 
be extracted as the bisulphite-compound. Tt is Prepared by Claisen’s. 
reaction by condensing benzaldehyde with acetaldehyde in Presence of 
sodium ethoxide or caustic soda (Pp. 404): 


CH.CH|O + H.ICHCHO = C.H.CH=CHCHO + H.0. 
Cinnamic aldehyde 


Cinnamic aldehyde is a yellow oil (b.p. 246°), havin 
odour of cinnamon. It is readily oxidised to cinnami 
Strong acids convert it into a resin. It has some 


Coumarin has two condensed Tings, Ges lke OS Hig 
ester (or lactone) of 0-hydroxycinnamic or coumaric acid ; it is present in sweet 
woodruff, newly mown hay and tonka bean (called cumart by 5S 


) SOuth Americans). 
It is made from Salicylaldehyde, sodium acetate and acetic anhydride by- 
Perkin’s reaction (cf. 


i .(ct., preparation of cinnamic acid, P. 421) and was first 
Obtained by Perkin. The acid rapidly forms coumarin, its lactone. 


obtained by exposing 
tually convertible and 
the most stable of them being 
Cinnamic acid is used in medicine, and its. 


£ the fragrant 
mic acid by air. 
use in Perfumery. 

and is heterocyclic. 


f ) CHO < ) CH=CHCOOH -H.0 | | -CH=CH 
SE 
OH ( OH OE) 
Salicylaldehyde © o-Hydroxycinnamic acid 


Coumarin 


Coumarin is a colourless, crystalline solid (m.p. 67°) with a sweet odour. 


It is soluble in alcohol, ether and hot water. It is used in perfumery, and also. 
as a fizative for perfumes. It is no longer employed for flavouring foods and: 
drinks because of its toxicity. 0-Hydroxycinnamic acid (transform) is odourless. 
Mandelic acid, C;H.CH(OH)COOH, the Simplest of hydroxy-aromatic acids 
having both -OH and -COOH in the side-chain, is isomeric with hydroxytoluic 
acids. It is made by hydrolysing the cyanhydrin of benzaldehyde or mandelo- 
nitrile (p. 402) and was first obtained by heating bitter almond (German mandel, 
- almond) with hydrochloric acid. 


has four crystalline’ 
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HCN 
C.H.CHO > CH,CH(OH, ES 
cl eH. CN 
Benzaldehyde Meteo Ale Mon 


Mandelic acid (m.p. 133°), havi 

[ { Dp. , having an asymmetri -; i 

EADY active. It resembles lactic acid (p. 189) He LEG 
নযা n oxidation, benzoylformic acid, C,H,COCOOH, and ই Su ন 
pheny' acetic acid, C.H:CH,.COOH, result. The acid is an anti: EEE 
urinary tract, and also a perfume. UE 


QUESTIONS 


1. Starting with benzene, show schematically how yo! 

benzoic acid, aniline, phenol and benzyl alcohol. SHO EEG EE 
obtained from these substances. B.Sc. Pass, 1938, Dacca Uni 3 
2. How is salicylic acid manufactured? Describe its properties & I 
and show how you will prepare its methyl and ethyl ester. [. 
B.Sc., 1951, Gaubati Uni. ; B.A., B.Sc. Pass, 1933, Allahabad Uni. 

3. How would you effect the separation of an aromatic acid and a 

B.Sc., 1928, Punjab Uni. 


phenol? 
4. How may hydrogen in benzene be replaced by -OH, -CH,, -NHs, 
-NO, and -COOH groups? B.A. & B.Sc., Pass, 1932, Allababad Uni. 
5. What is mandelic acid? How can this be prepared? What are its 
properties? Compare mandelic acid with lactic acid so far as the action of 
(i) HNO,, (ii) HL, and (iii) HCl on both these compounds is concerned. . 
B.Sc. 1945, Nagpur Uni. 
the following: 


properties and uses of 
i d phthalic 


6. Describe the preparation, 
methyl salicylate an 


cinnamic acid, benzoyl chloride, aspirin, 


anhydride. 


7. Indicate by means cactions how you would distin- 


guish. by simple chemical means between: (a) 2-bromotoluene and benzyl 
bromide, (b) ethylbenzene and m-xylene, (c) benzamide and acetanilide, and 
(d) methyl ether of salicylic acid and methyl ester of salicylic acid. 

Exam. 1942, Annamalai Uni. 


of formule and rr 


8. Give brief experimental details for the preparation of the following 
in a pure condition: (a) salicylaldehyde, 
acid, (d) malachite green. B.Sc. Degree Exam. 1941, Travancore Uni. 


9. Describe the preparation of salicylic acid. 

distinguish between (a) salicylic and benzoic acid, (b) salicylic acid and phenol? 

B.Sc. Pass, 1952, Nagpur Uni. : B.Sc. 1946. Benares Hindu Uni. 

10. A colourless fuming liquid A contains 59°79% C, 3:56% H and 25:271% 

Cl and has a vapour density 0 0063 g. per c.c. at N.T.P. With ammonia. 

if forms. B which with boiling NaOH gives NH. and the ‘sodium salt of a 
5) 


monobasic acid © (mol. wt. 122). What are A, Band C 
Ans. C,H,COCI. C,H.CONH:, C,H,COOH. 


CHAPTER XLII 
THE MULTINUCLEAR COMPOUNDS 


Organic compounds, containing two or more benzene nuclei are 
called polycyclic or multinuclear compounds which are important in 
making dyes. They are mainly of two types according as the 
rings are distinct or condensed. In the former, the rings may be 
linked either directly or through a carbon chain, e.g., diphenyl, 
CH,-CH,, and diphenylmethane, CH,-CH,-C,H,. In the latter, two 
carbon atoms are common to adjacent rings, e.g., naphthalene and 


anthracene. 
COAG 
NASH NSN 
Naphthalene Anthracene 


Diphenyl, biphenyl, CH.-C.H,, the simplest of multinuclear 
hydrocarbons, occurs in coal-tar. 0] ন 
benzene by replacing a H-atom by 


factured by passing benzene vapou 


2C.H, = C,H..C,H, + H,. 
Benzene  Diphenyl 
More easily it can be Prepared in the laborator 
a’ . . Y" y b by i i 
benzene with sodium in dry ethereal solution (Fittig’s Ie LCE 5 7) 
or heating iodobenzene with copper powder at 920° in a se: te a 
(Ullmann reactio ). It recalls the formation to) As LOE 


iodide (p. 44). f ethane from methyl 


CHI + 2Na + IIC.H, = CH,-C,H, + 2NaL 
ITJodobenzene Diphenyl 


2C,HI + 2Cu = C.H..C,H; + 2Cul. 


Jimagnesium bromide and 
ous chloride to give dip 


C;H..Me.Br + C 
Di 


Phen 


bromobenzene react i 
of cobalt Ct In Presence 


henyl. 


te - sH.Br —> C,H..CH, + MgBr, 

Pienyl forms colourless Plates (m.p. 71°, bp. 25 4° i 
EE দ্য Or ether. It can be RE Ee 4 hE! 
DateC. Je. Phenyl group directs Substituents to the P Position chiefly 


and to the o-position to some ext i { 
ন FLIES fs ent. With EES 
mainly carbon dioxide and Water, and 0 chromic acid, it glves 


. খি . TA nly a lil ] . 

diamino-derivative, benzidine (Pp: 878), is TEE Ee acid. EE 
derived from nitrobenzene. Dipheny] impregnated Ea and is 
vents rotting of citrus fruits. It is al Pping paper pre- 


€ | SE § the same axis, 5. 
the molecule is symmetrical (one ring is not folded on the tNer Ed 
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the “butte: fy” formula) S /-di 1 di 
bb T! as PL dichlorodiphenyl 1 erO Ole 
k y s 4 ন has zero ip 
OE Ee crystal structure of ph -diphenyl derivatives has a centre 
of symmetry 3 this is possible only if the benzene rings are co-axial. 
pb) E Xlal. 


Diphenylmethane, C H.-CH.-C.H,, i lly 
benzene and benzyl ‘chloride (or EEE bY ETE 
aluminium chloride (Friedel-Crafts). Pec 


CHIH + CLHCH..CH: = C.H.CH,C.H; + HCI 
Benzyl chloride Diphenyimethane i 


GH, IHF OI-CH.CIE HIC,H, = CHCHC,H; + 2HCI. 


Methylene chloride Diphenylmethane 


benzyl alcohol or formaldehyde reacts with 


It is also formed when 
c. sulphuric acid. 


Penzene in presence of con 
C.H.CH.|OH + HIHsC. = C.H.CH.C.H; + H.0. 
2C.H, + HCHO = C.H:CH.C.Hs + H.0O. 
Diphenylmethane is a white, crystalline solid (m.p. 26°, b.p. 262°), 
soluble in alcohol and ether. Chromic acid oxidises it to benzophenone, 
back to diphenylmethane. 


CH..CO.CsHs (p 406), which can be reduced Y 

In presence of catalysts, chlorine enters the p-position of both the 
of diphenylmethane, but in sunlight, diphenyldichloromethane, 
is formed. During nitration, the -NO, group goes 
nn of each ring. For its geranium-like smell, 
d for perfuming soap. Passed through a red- 
diphenylenemethane or fluorene, a colourless 


rings 
CH,.CCl,.CiHs, fo! 
mainly to the p-positio 
diphenylmethane is use 
hot iron tube, It forms 
solid (m.p- 115°). 
AS 
AISLE UAT 
TELE ER SED TEL +H, 
Fluorene 
Di ethylene, © H,CH=CHC,Hs, occurs in cis-trans forms ; 
th ADIT rs dsomer is called stilbene (m.p. 124°); iso-stilbene 
1 ণ 45°) is the cis-form. Stilbene may be obtained by heating benzal 
OPig and metallic sodium, Or by reducing benzoin. Some stilbene 
q oS TE EEE medicine ; most of the fluoroscent whitening 
i 2 iE ঠ্ঠ undyed fabrics today are based on diamino-stilbene- 
disulphonic acid. 
2C,H,CHC: + 4Na = C:H:CH=CHO,Hs + 4NaCl. 
CH; + 4H —? C.H.CH=CHC.H, + H.0. 
CH,CHOFCE Stilbene 


Benzoin 
le thane, (C H.),CH, the parent substance of triphenyl- 
Triphenylme obtained: 0) By warming chloroform renal 


is 0. ] 
d aluminium chloride together 


methane dyes 

chloride, on [. CHCl), benzene an 
Friedel-Cratts)- } 

+ CHIC + 3HIC,Hs = CH(CsHs)s + 3HCI. 

Triphenylmethane 
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(2) By condensing benzaldehyde and benzene in presence of zinc 
chloride at about 270°. 


C:H.CHIO + 2HJC,H, = C,H.CH(C,H.), + H.0. 

Triphenylmethane 
Triphenylmethane is a colourless, 
859°), slightly soluble in cold alcohol, b 
alcohol and benzene. From benzene, 
melts at 75°. 


o' spectively. Triphenylmethyl chloride, 
(C,HL),CCl, behaves as a strong clectrolyte in liquid sulphur dioxide 
solution due to ionisation” as (C,H,),C+ 


Tetra henylmethane, (OTE ystalline solid (m.p. 
282°, bp 181 is obaieed hE LE SIRE nae 
len lum MbroMmide d IBEBEEDE excess and 
tide in presence of aluminium chloride give triphenyl- 

henylmethane. 


Fe ),C.—On heati i Imethyl chloride, (C,H.),CCI 
in benzene solution’ with ‘fincpy 00 ing triphenylm: hers GEE D:CCL 
dioxide, M. Gomberg (1900) Oban Silver, in an atmosp) of carbon 
Theoretically, a 


, hexaphen Jet! t esult, 

compound aA absorbed hane, (C.H),C-C(C,H)., ought to rt The 
bined with halogens to Live halid ination in benzene by 
ebullioscopic method Bave 383 Wheels". Mol. is GEE triphenylmethyt 
(243) and I aphenylethane (486) EAE j 
methyl, (C,H.),C, was Proved for 

highly reactive and readil or the 


2 30 Y Pass 
Gomberg is an equilibrium mixture of be 


carbon tetrachlo 
methyl chloride 


THES <> (CH,C-C(CH), 
Geliy methyl Hexaphenylethane 
8) (colourless) 


The high Teactivity is due to 

i j ১ ‘0 the unsaturated character of triphenylImethyt1 
FTES SE? RE [rinaphthylmethy (C,,H;),C, however, remains in 
the unimolecular form entirely, ang does not form hexanaphthylethane. 


nuclei with respect to the Para-position of the benzene 


2 mMethane-carbon of triphenylmethane, 
TES tiphenylmerhane dyes or ES Ee GHEE. 
Leuco-bases (Ueukos, white) are colourless ; on oxidation, they produce 
the dye-bases which are also colourless. hese are derivatives of 
triphenylcarbiriol or its homologue. SRE dy 


- ; £ €s are obtained from the 
dye-bases by salt-formation with acids: 
Oxidised ro 
Leuco-base > Dye-base < 
(colourless) Reduced  (colcurless) Alkali ae 


(coloured) 
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This salt-formation invari 
E a variably takes place with the celiminati 

ন RS in the formation of a CLE 
= = hi 1 5 

CE which is the chromophore (p. 3874) in these dyes; NH, 
ii -OH groups are the auxochromes (p. 874). These chan. f ill টী 
i SS in the case of malachite green. TERR Ene 
which are usually basic, give brilliant shades but are not quite ar be 


Malachite green or benzaldel 

! 2 hyde green Was discov i i 
by O. Fischer, whose method is still followed for its Ee TR 
prepared from benzaldehyde and dimethylaniline. The three ste of 
formation viz, leuco-base, dye-base and dyestuff are: lh 

(i) Leuco-base : Benzaldehyde (1 mol.) and di ili 
Benz: de ( b met! 

heated to about 100° with solid zinc chloride (ই EE HC Le EE 
Con with two mols. of dimethylaniline in the p-position’ to TT Ee 
yldiaminotriphenylmethane, the leuco-base of malachite green. The ন্ট 
‘ormed is taken up by zinc chloride or hydrochloric acid. The ened EE 


colourless, crystalline and insoluble in water. 


HK NCH): TONE 
GH.CHlO + =~ CHLCHC 
Benzaldehyde HI{/ N(CH) Ke A Ee) 
SEN Ad: < ONCE): 
Dimethylaniline Leuco-base of malachite green 


(ii) Dye-base : The leuco-base is oxidised with lead peroxide, PbO:,, and 
HCl at 0°-5° to the corresponding carbinol or dye-base. This also is colourless 
and insoluble in water. 

(iii) Dyestuff : The dye-base dissolves in hydrochloric acid as the hydro- 
chloride. This, on warming, loses water and forms malachite green, usually 
onoid structure. The intense colour of triphenylmethane 


represented by the quin 
dyes is closely related to resonance (PP. 106, 324). 
— AS 
EAE ত AE NCH). 
C,H;CHN > CHICKS 
KCN: LC MONCH. 


Base of malachite green 


Leuco-base of malachite green 


LE ANCHE 
Hcl 74 NE 
Et EFT 

SAFER 

Ses N(CH): 


Malachite green 
Malachite green, a Dasic dye, dyes silk, wool, jute etc., directly 
a bright green. It dyes cotton mordanted with tannin. It is also used 
for dyeing leather, paper, oils, acetate rayon, etc. Malachite green 
nes tO 'ব C : be 
usually comes the market as the oxalate. Itisa germicide. Basic 


dyes are cheap, but not fast to light. 
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Rosaniline, magenta or fuchsine is one 
dyes, discovered by Verguin in 1859. It is usual 
a mixture of equal parts of aniline, o- 
benzene. Here the p-toluidine molecule s 


of the oldest synthetic 
ly prepared by oxidising 
and p-toluidine with nitro- 
upplies the methane carbon. 


KS LATS 
্ ONE. EE H AKL ONE, 
HNC DCH | H. + 20 + | —> HNC DEE EE 
p-Toluidine H{ NE, AE NH 
EE eG 
{ CH, CH, 
9-Toluidine Leuco-base of rosaniline 
OH AK ON, TN 
EN METS E> Ent = or 
ANE, 24 3 TE MTN ail 
Base of rosaniline < A ROSaNIAE < DN, 


Arsenic acid was initially employed for Oxidation, but the |{ 
‘arsenic which is a poison, 


could not be removed. Nitrob 
filings have now Teplaced it, the latter two are catalysts. 


Rosaniline forms glistening, green cr stals whic i Ne 
in water with a deep red EB It ce silk গনী dy 
‘also cotton, mordanted With tannin, a brilliant red. Tt is LE 2 
colouring foods. On Passing sulphur dioxide into its aqueous soluti or 
magenta is reduced to the leuco-base Which is 0 EES Ho on, 
Schiff’s reagent for aldehydes (P. 180). 55. is is 

Para-rosaniline is prepared, like XOSGD UNC By ODE GE 
(1 mol.) and aniline (2 mols.) with nitrobenzene” ES AONE 
in Warm water ; they dye silk, wool, ete e 


; ie ASTXOSaN ine: Para-rosaniline 
forms triphenylmethane on diazotisation and treatment with boiling 
alcohol: 


ASt traces of 
enzene, HC] and iron 


Para-rosaniline 


+ - H 
(H.N.C,H,),C=C,H,= NHC! দর HC(C,H,.NH,HCI), * 


, 
Diazotise 


Boil with 
ne ES(CIHSNCl); == 7 HO(GHS); 


alcohol  Triphenylmethane 
Triphenylmethane yields para-rosaniline as fo 


HNO, H 
HC(CH), — > 
TREE (URE) HC(C,H.NO.), > HC(C,H.NH.), 


Trinitrotriphen: 


llows : 


ylmethane Leuco-para-rosaniline 
(0) HCI AS JRE 
—> _HOC(C.H.NH), > (HN.CHU).C=C,H,= NHC 
Para-rosaniline base -H,O + ক 


Para-rosaniline 
Aniline blue, triphenyl-para-rosaniline or 


il ১h fe Spirit blue is prepared 
by heating Para-rosaniline base with excess of aniline in presence of 
a little benzoic or acetic acid, to about 180°: 


Violet and crystal violet. 
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HOC(C,H.NH.), + 3C.H,NH, —> HO.C(C.H.NH.C;H.)s 


Para-rosaniline base Base of aniline blue 
HCI Ee = 
_3 (C.H..NH.C,H.):C=C,H,=NH(CH)Cl 
-H,O Aniline blue 


Aniline blue is sparingly soluble in water bu i i 
alcohol, hence called spirit blue. The sodium Ch al 
blue) is soluble in water. It is mainly used for dyeing wool. Ey 
ৰ Methyl violet.—If the hydrogen atoms of the three amino groups 
in rosaniline and para-rosaniline be replaced by alkyl or aryl EA 
the colour changes from red towards violet. Methyl violet is a REE 
of tetra- and penta-methyl para-rosaniline, the latter predominating. 
Methylation of rosaniline yields methyl violet, but it is usually made 
by oxidising dimethylaniline with copper sulphate. Methyl violet is 
soluble in alcohol and hot water. It is widely used (nearly 15,000 kg. 
per day is the estimated world consumption) for making copying 
pencils, copying inks, typewriter ribbons, etc. Jt is also a disinfectant ; 


centian violet, an antiseptic for infected wounds, is a mixture of methyl 


ne, is made by heating 


Crystal violet, hexamethylpara-rosanili 
Tetramethyldiaminobenzo- 


dimethylaniline with carbonyl chloride. 
phenone (Michler's ketone) formed, condenses with dimethylaniline in 
resence of phosphorus oxychloride and gives crystal violet. Here six 
methyl groups change the pink colour of para-rosaniline to violet. It 
forms large crystals, hence the name. It has use in medicine. Crystal 
violet dyes wool and tannined cotton bluish violet, but the colour is. 
not very fast to light. 


(CH): NC:H.IH F CIICOICI + HIC.H.N(CHs): —? 


(CH).N.C.H.-CO;CH.N(CH.): —> [(CH.):N.C,HlC.OH 
Michler's ketone Base of crystal violet 


+ সঃ 

—_> [(CHS:N.GH.]; C= CH= N(CH:C! 
Crystal violet 

Aurin, para-rosolic acid, (HOCH). =C=CH,=0, is made. By 

heating phenol with conc. sulphuric acid and oxalic acid, the latter 

supplies the methane carbon. The sodium salt is red in aqueous solu~ 
tion. It is used in dyeing Paper and as an indicator. 

Auramine, the only important dye of the diphenylmethane Sones 

by heating with ammonium chloride 


is obtained from Michler's ketone j a 
and zinc chloride to 160° for about six hours.” It dyes silk and. 


mordanted cotton bright yellow. 
[(CH.).N-CsH.]:CIO + Hl 
Michler's ketone 


HCI I 2 
—> (CH):N.C:HC(NH:) = CiH,= N(CH):C! 
Auramine 


NH —> [CH.).N.C:H.].C=NH 
Auramine base 
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The phthaleins ‘are triphenylmethane derivatives, formed on 
heating phthalic anhydride with phenols. The Para-hydrogen atoms 
-of two phenol molecules combine with the carbonyl oxygen of phthalic 
anhydride ; the water formed is taken up by a dehydrating agent. 
The phthaleins are colourless, but with alkalis, they form coloured 
salts having a quinonoid structure. The simplest of the phthaleins is 
Phenolphthalein which is not a dye but related to phthalein dyes. 

Phenolphthalein is prepared by heating to 120° phthalic anhydride (30 s.) 
and phenol ‘(40 g.) for about eight hours in presence of anhydrous zinc chloride 
(50 g.) or conc. sulphuric acid (p. 388). The mass is treated with caustic soda 


“Solution when a deep pink solution of the sodium salt is formed. Phenolph- 


thalein is precipitated therefrom by acids. Itis purified by recrystallisation from 
aqueous alcohol. 


(C,H,.OH), 
EMD OF 20 OF CHL Ss 4 40 
\cod Phenol NOL i 
Phthalic anhydride Phenolphthalein 


Phenolphthalein forms white crystals (m.p. 258°), sparingly soluble 
in water but readily soluble in “dilute alkalis with a deep pink 
‘colour which vanishes on acidification. It is an indicator (pH 
range 88-100). With excess of conc. caustic alkali, Phenolphthalein 
Eives a colourless solution; trisodium salt of the carbinol for 
(NaO.C,H.),C(OH).C,H,COONa, results inonoid structure 
disappears. It is a purgative in medicine WS 


Formation of deeply coloured salts from phenol hthalein i 5 {; 
‘a quinonoid structure (cf., malachite green, D. 427), alein is associated with 


CH, No LOL KOH 


CsH,OK 
OC —> KOOC.CHOL 
100% NCHLORM EE LES St, 
Phenolphthalein (colourless) Pot. ; 


salt of phenolphthalein (coloured) 

Fluorescein, an important dye, is Prepared by heating phthali 

বে = y ৭ alic 

anhydride with resorcinol to about 200 (P. 894), no condensing agent 

like zinc chloride or sulphuric acid is necessary. The dark mass 

ormed is extracted with dilute caustic soda and fluorescein Precipitated 
with hydrochloric acid. It is believed to have a quinonoid structure. 

CH, 
oc 
[0) 

Phthalic anhydride 


MEG AE -H.O0 AN V/ CHAOHR)S 
HOH), C G 0 
Se SEO TEE ESE 


Fluorescein 
Fluorescein is a 


{ ত readily soluble in alcohol but 
Insoluble in water: lkali, dilution with a large 
Yolume of water, exh lowish-green fluorescence, hence 
the name. Resorcinol, Pyrogallol and Phthalic anhydride are usually 
‘detected by this CUO Tes disodium Jsalty 5s the uranine of 
‘commerce. Fluorescein dyes silk and 


তল 
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p FEosin or tetrabromofluorescein is m. inati i 
in alcohol. Two H-atoms of each bn a 5 ff OTE 
tuted by bromine. Eosin separates as red crystals OHI LE 
but soluble in alcohol. It shows greenish-red HUorese SEE 
dilution. The sodium salt of tetrabromofluorescein is ae Es 
commerce. It dyes wool, mordanted cotton, and silk a ER of 
The dye is fast. It is largely used in making red ink, Er 


biological staining material. 


Erythrosin, sodium salt of tetraiodofluorescein, is a dye for foods. Mercuro. 


chrome, a mercury derivative of dibromofluorescein, is i j 
nerct ) DIES a powerful antis 
(a 2% solution in water is generally used); itis a ‘deep red solid, LSE 


water. 
QUESTIONS 


1. Write an essay on the triphenylmethane dyes. B.Sc. Degree Exam. 


1942, Travancore Uni. 

2, How are any three of the following prepared 2? (a) eosin, 

alein, (¢) malachite green, (4) rosaniline. 
3. How is triphenylmethane prepared ? Indicate its importance with 

respect to the group of dyes known as triphenylmethane colours. 

B.Sc. Exam. 1947, Bombay Uni. 


4. Give the structural formula and one method of preparation of each of 
ALC. 1935. 


the following : fluorescein, malachite green. 
5. Write what you know about free radicals. 
obtained ? 
6. How is phenolphthalein prepared ? Discuss its use 2 
J. Write an essay on the relation between. colour and cons 
organic substances. B.Sc. Hons. 1932, Dacca Uni. 
8. Describe the preparation, properties and uses of any 
ing: chloroform, hexamine, jiodobenzene, benzoyl chloride a 


B.Sc. Pass, 1942, Patna Uni. l 
9. Indicate how. the following substances are prepared : (a) pararosaniline, 
(0) eosin, and (¢) aurin. 

10. How is malachite green prepare 
B.Sc. Pass, 1951, Nagpur Uni. 


(0) phenolphth- 


How is triphenylmethyl 


Ss an indicator. 
titution of 


four of the follow- 
nd phenolphthalein. 


dq? What is the cause of its colour ? 


CHAPTER XLII 
NAPHTHALENE AND ITS DERIVATIVES 


Naphthalene, C,.H,, next to benzene in commercial importance, 
Was discovered in coal-tar by Garden in 1819. Due to its high 
volatility, it deposited in the condensers during distillation of 
crude naphtha and was called naphthalene. It occurs in the middle 
oil fraction of coal-tar (p. 818) and is invariably obtained therefrom. 
It represents 5-10% of the tar, and is the largest single constituent. 
On cooling the middle oil, most of the naphthalene crystallises and is 
separated by pressing out the oil in a hydraulic press. The crude 
Product is washed with caustic soda solution to remove the adhering 
Phenols and warmed with a little conc. sulphuric acid which forms 
soluble salts and sulphonic acids with the impurities. Naphthalene is 
Purified by sublimation. A second crop is obtained by the fractional 
distillation of the mother-liquor after removing phenol with caustic 
soda solution. Crude naphthalene contains thionaphthene, CHS, as 
coal-tar benzene has thiophene. The tar from low temperature carboni- 
sation of coal contains no naphthalene. Many hydrocarbons Such as 
methane, ethane, acetylene, benzene, etc., when passed through redo 
tubes, are partially converted into naphthalene. It Occurs in so. 

AEE me 
Ppetroleums and essential oils. 


In 1955 U.S.A. produced 477 million Ib. 0! 
for making phthalic anhydride). India’s an 
million 1b. 

Properties.—Naphthalene forms. large, white, shinin lates 
(m.p. 80°, b.p. 218°), It bash characteristic, but not Ear 
smell and is volatile at all temperatures; naphthalene accompanies 
coal-gas and causes trouble in the Pipes or purifiers. Itis insoluble in 
Water but dissolves readily in benzene, ether and bot alcohol. Tt burns 
With very luminous flame depositing much soot, and is volatile in 
Steam. Naphthalene resembles benzene but is more Teactive ; it can 


be halogenated, nitrated or sulphonated—the products behave like the 
corresponding derivatives of be 


f naphthalene (70% being used 
nual production is only 180 


nzene: 
( Cl, 
Napp halen লেন) Ci,,H;CI (Chloronaphthalene) 
a HNO,+H,so, 
10S C,.H,NO, (Nitronaphthalene) 
H.SO, 


CH, — > C,.H,SO,H (Naphthalenesulphonic acid) 


The nitro-compound may be reduced to amino-. 
diazotised in the usual manner. The sul A 
yields a hydroxy-compound. The -OH 


ls and the latter 
Phonic. acid, on potash fusion, 
Sroup, linked to a carbon atom 
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of the nucleus, endows the compound with phenolic properties, and so, 
on. 
H HCI 
C,,H;NO; => C.HNH, —_ > CiH:NsCl 
Nitronaphthalene Naphthylamine KNO, Naphthalene diazo-chloride 


C;,,H;SO,H i C,.H,OK 
Naphthalenesulphonic acid Fusion Naphthol (pot. salt) 

Naphthalene, when added to picric acid (both in strong alcoholic 
or acetone solution), forms long, golden yellow needles of naphthalene 
picrate, C,,H;.C,H.(NO.),OH, (m.p. 149°) by which it may be identified 
and also estimated. The picrate decomposes on boiling with alcohol, 
or treatment with alkalis. Naphthalene combines with metallic 
sodium in dry methyl ether to form two disodium addition products 
(1:2 & 1:4) which take up CO, and yield two dihydronaphthalene- 
dicarboxylic acids (as sodium salts). 


Uses.—Naphthalene is largely used in making dyestuffs such as 
azo-dyes, indigo, eosin, etc. and also decalin, tetralin, phthalic acid, 
etc. Ttis a common insecticide, a moth repellent (moth balls), but not 
2a powerful antiseptic. It increases the illuminating power of coal-gas. 


Constitution.—(i) The molecular formula of naphthalene is C,,Hi, ; it has 
aromatic properties and resembles benzene. 

(ii) On heating to about 300° with conc. H,SO, in presence of mercury, 
it is oxidised to phthalic acid, C,H.(COOH),. Naphthalene is, therefore, an 
ortho-substituted benzene. 


{/N cooH 

GEO | + 2C0, + H,0. 
Naphthalene COOH 
Phthalic acid 


(iii) Erlenmeyer (1866) suggested the following structure for naphthalene by 
analogy to that of benzene proposed by Kekuilé a year earlier. 


CH CH 
Ho/\/N can AA 


| | | or briefly, ( | | 
HES Af SH LN 
CH CH 

(iv) The fusion of two benzene nuclei in o-position was established by 
Gracbe (1869) as follows: 

Mononitronaphthalene, CisH:iNO:. yields, on oxidation, o-nitrophthalic 
so a benzene nucleus with a nitro group in nitronaphthalene remains 
intact. But if nitronaphthalene is reduced to aminonaphthalene, C,.H;.NH,, 
and then oxidised, phthalic acid is obtained. The benzene ring with the amino 
group has disappeared ; a second nitrogen-free benzene ring gives the phthalic 
acid. The nitro group deactivates the nucleus - which resists oxidation while 
the amino group activates it and helps oxidation. 


28 


acid ; 
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ANAS 
I nl 
MA 
Naphthalene 
J No, 
NO, 
E00) of i (fn) SE 
4, ER —? \ Jco00H 
NERA Ne Ee NE acid 


(v) The Erlemeyer constitution has been confirmed by several syntheses : 


a) B-Benzylidenepropionic acid forms a-naphthol on heating ‘to about 300°. 
The RG on \istillation with zinc dust, yields naphthalene (Fittig) : 


CH CH CH 
AANASS /\/\N\ cH AA AN CH HAN 
EOLA 
A nee টি A ন NASA 
HOLS a-Naphthol aphthalene 


B-Benzylidenepropionic acid 


(b) Phenylbutylene or its dibromide forms nal 
red-hot soda-lime or calcium oxide : 


ol —CH,-CH, {YY Nan 


| 
H,C=CH 
Phenylbutylene GH 


Naphthalene 


The fourth valency of carbon is a problem as in benzene. Bamberger 
Proposed a centric formula for naphthalene, corresponding to that of Armstrong 
Ero I i eens ES Ke) Suggested a centric formula for one 
nucleus and a Kekulé ring for the other to explain the behavi 
during oxidation and reduction. 2 OE D2Lhthalene 


Phthalene on passing over 


||| 
= 
NE 
ৰ [ol 
C08 
[0 
|=" 
+ 
>) 
Ess 


1 8 
2 3 7 
3 (0) Ee 
Qtr 5 
Naphthalene (Bamberger) 
in b e, the double bond: h: di se 
HEE Tay be; ED LESEDEN by $ May have different positions, and naph- 
VAAN ANAS VO AS 
HSE ADM 
N/ 2% ১ nA NAY 


I 


NEE 
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A resonance hybrid (p. 324) which is an average of these three, 
adequately explains its behaviour. Naphthalene is more reactive than 
benzene, e.g., unlike benzene, it is reduced to tetrahydronaphthaiene 
by sodium and hot alcohol, and forms the tetrachloride with chi.orine 
in absence of light. The resonance structure accounts for this difference. 
If all the three forms (lL, II & II) contribute equally, the bond between 
carbon 1 and 2 (see below) has $ double bond character in contrast with 
4 double bond character for each bond in benzene. Hence addition 
takes place there more readily than in benzene. For a similar reason, 
the bond between carbon 2 and 8 has only 3 double bond character, 
and is consequently less reactive than the bond between carbon 1 and 
9. It behaves more like a single bond compared to bonds in benzene. 
The bonds in naphthalene, unlike those in benzene, are neither equi- 
valent nor of equal length. The bond lengths in naphthalene are 
C,—C IB5A; C.-C, FA0A; C,—Cy, LA, C,— Cio, TA0A. 

Isomerism of naphthalene derivatives.—The substitution products 
of naphthalene are more numerous than those of benzene. In order to 
distinguish them, the C-atoms linked to hydrogen are numbered or 
indicated by Greek letters. ‘The H-atoms form two groups of four 
each, which are symmetrical. 


118 & 0 
2/9! B/ YN 
SEE 

p AA NAA 


Due to symmetry of the molecule, the positions 1, 4, 5 and 8 
(denoted by «) are equivalent as also the positions 2, 8, 6 and 7 (denoted 
by B). But none of the latter positions is similar to any of the former. 
"This means that cach mono-substituted naphthalene should exist in two 
isomeric forms, «- and B-, which is a fact. By replacing a H by an -OH, 
we obtain two naphthols, «- and f-. Similarly, ten di- and fourteen 
tri-substituted naphthalenes are theoretically possible. All the ten 
dichloronaphthalenes are known. This number becomes greater still 
if the substituents are different— 14 di- and 84 tri-derivatives are 
possible. If both the substituents are in the same ring, they are some- 
times called ortho-, meta- and para- derivatives; if in different TINGS, 
they are usually denoted by numbers, e.g, 4:5- or uo-dibromonapb- 
thalene. The position 1:8 (or 4:5) is called peri-position (Greek peri 
near), it is similar to ortho-position ; 2:6 or 8:7 position is. known as 
amphi (amph on both sides). In naphthalene, the substitution readily 
occurs in the a-position which is more reactive. ৰ 

Hydrogenated naphthalenes.—Naphthalene is more readily 
seduced than benzene (see above). Under suitable conditions, it can 
take up 2, 4, 6, 8 or 10 hydrogen atoms. Of these, tetrahydronaphtha- 
Jene or tetralin, CoH» and decahydronaphthalene or decalin, (Crs 
are important. They are made from naphthalene with hydrogen at 
10-15 atmos. pressure in presence of finely divided nickel (Sabatier); 
at 120°-150°, decalin is formed, but at 150°-200°, tetralin is the main 
product. They are chiefly employed for making lacquers, and also as 
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centiu> substitutes in boot-creams. Mixed with benzene and 
ese) they serve as motor fuel. They are good solvents for resins 
a 2 
and fats. 


HC CH, H.C CH, 
HC 1 স CH, H.C Ll Yee 
CH 
HC CH, H.C \ SCH, 
ee H.C CH, 
Tetralin (b.p. 207°) Decalin 


Decalin is more expensive, but no better, than tetralin which is 
more widely used. In tetralin all the 4 H-atoms have entered the same 
ring which consequently behaves as a hydroaromatic compound while 
the other is now a typical benzene ring. The hydrogenation of the 
second ring is rather difficult. Decalin exists in two forms, cis and 
trans (b.p. 198° and 185° respectively) with respect to the two central 
H-atoms, corresponding to the “bed and chair’ forms (Pp. 812). With 
nickel catalyst, the trans form is the main product but with platinum, 
the cis form predominates. 


Homologues of naphthalene.—Methyl- and ethyl -naphthalenes 
occur in traces in coal-tar and certain petroleums, 


and are obtained 
therefrom commercially. Homologues of naphthalene may be pre- 
pared like those of benzene. 


(%) Naphthalene, with alkyl iodide in Presence of aluminium 
chloride, yields alkylnaphthalene (Friedel-Crafts) at low temperature ; 
at high temperature, the ring is broken. With CHI, 1- and ‘2-methyl- 
naphthalene and with C,H,Br, only 2-cthylnaphthalene are formed. 

CH, + C:H.Br = C,.H,C.H, + HBr. 
Naphthalene 2-Ethylnaphthalene 

(4) Bromonaphthalene produces alkylnaphthalene with alkyl iodide 

and sodium (Wurtz-Fittig): 


C,.H;Br + CHI + 2Na = C,.H;C,H, + NaBr +Nal. 
G-Bromonaphthalene Q-Ethylnaphthalene 
These behave like the homologues of benzene ; for example, on 
oxidation, they produce carboxylic acids: 


C,.H,C.H; + 30, = C,.H,COOH + CO, + 2H.0O. 
Ethylnaphthalene  Naphthoic acid 
«-Methylnaphthalene is a liquid (b.p. 242°) while the B-isomer is 
a solid (m.p. 82°). Methylnaphthalenes are standard high-knocking 
fuel for Diesel engines; their sulphonates are wetting agents in the 
textile industry. lb 


Halogen derivatives of naphthalene. 
of halogen derivatives are possible with 
stitutive. These are of little importance 


Naphthalene dichloride, CieH.Cl., a yellow, oily liquid, is obtained b 
treating naphthalene in CHCl, with dry Cl, at room temperature. It is URED 
and decomposes at 50°. producing a-chloronaphthalene and HC]. Naphthalene 
tetrachloride (1:2:3:4), formed finally, is a solid (m.p. 182°) which yields three 
isomeric dichloronaphthalenes, C,,H,Cl., when heated with caustic potash. On 


—As with benzene, two types 
naphthalene—additive and sub- 
» theoretically or commercially. 


7 
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oxidation, it readily gives phthalic acid, showing the presence of all the chlorine 
atoms in one ring. 

Halogen-substituted naphthalenes are prepared like halogeno- 
benzenes. Nearly pure derivatives are obtained by chlorinating or 
brominating naphthalene at its boiling point or with iron catalyst 
above 80°—95% of a-derivative and 5% of B- are thus produced. With 
1 mole of SOC], in presence of AICI, at 25°, a«-chloronaphthalene 
results. 

C,H, + Cl, = C,H,Cl + HCI. 
a-Chloronaphthalene 

‘The B-derivatives are prepared by indirect methods such as heating 
B-naphthol with PCl, or through diazo reaction from B-naphthylamine. 


C,,H;OH + PCI; = C,.H;Cl + POCI, + HCl. 
B-Naphthol B-Chloronaphthalene 
Both «- and B-chloro-derivatives can, however, be obtained by 
treating the corresponding naphthalenesulphonic acids with phosphorus 
pentachloride. 


PCl; PCl; 
CWH,SO:)H —> C,.H:SOCl —> C,.HiCl 
a- or B-Naphthalene- a- or B-Naphthalene- a- or B-Chloronaphthalene 


sulphonic acid sulphonic chloride 


4-Chloronaphthalene is a colourless liquid (b.p. 268°) but the B- 
compound is a crystalline solid (m.p. 56°). The «-cCompound is some- 
times used as a lubricant. 

The halogen atoms in these derivatives are firmly linked to. the nucleus 
as in halogen-substituted benzenes and are not removed. by boiling alkalis. 
These are, however, somewhat more reactive. By exhaustive chlorination, all 
the H-atoms can be replaced by chlorine—per- or octa-chloronaphthalene, 
CioCls, (m.p. 203°) is thus obtained. Polychloronaphthalenes, having good 
dielectric properties, are impregnating agents (Halowaz). 


Nitronaphthalenes.—Naphthalene readily yields nitro-derivatives 
when treated with a mixture of conc. nitric and sulphuric acids. 
a-Nitronaphthalene, C,H:NO:, in 95% yield, is obtained by nitrating 


at 60°. 
C,H, + HNO, = CioH;.NO: + H.0O. 
Naphthalene a-Nitronaphthalene 


It is a yellow, crystalline solid (dimorphous, m.p. 52° and 58°), non-volatile 
in steam, insoluble in water but soluble in benzene, ether and hot alcohol. On 
further nitration at high temperature, it gives mainly 1: 8-dinitronaphthalene. 
As the -NO: group deactivates the ring, the second -NO, group goes to the 
a-position in the second ring. Some 1 : S-dinitronaphthalene is also formed. On 
a-nitronaphthalene gives nitrophthalic acid, showing that the ring with 
up is more stable (p. 434). It yields a-chloronaphthalene with 
ntachloride. It is used for making a-naphthylamine and also for 


escence from mineral oils. 


oxidation, 
the nitro gro 
phosphorus pe 
removing fluor 
B-Nitronaphthalene, C,H: NO,, cannot be prepared by direct 

is obtained by treating B-naphthylamine nitrate with 


nitration. It i ) ls ড় 
sodium nitrite and then with finely divided cuprous oxide. Naph- 


thalene diazonium nitrite, first formed, decomposes to B-nitronaph- 
thalene. 
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= NaNO, Cu.0 
+ 2 
— HN,ONO —>  Ci,,H;NO, 
ENE nate BE Sb alene BSB RIGE hbalens 
iently, it is prepared by treating e-naphthylamine with dilute 
EO EARS HABA ne formed is treated with alcoholic hydrogen 
chloride in presence of finely powdered sodium nitrite. The amino group is thus. 
diazotised, and finally removed by boiling. B-Nitronaphthalene is colourless 
when pure (m.p. 79°), and volatile in steam. 
HNO; Diazotised 
C,.H:NH, ——>7 C.HA(NO:)NH, — ——> C,.H.(NO)N:Cl —> C,,H,NO, 
a-Naphthylamine B-Nitro-a-naphthylamine 


Diazo compd. B-Nitronaphithalene 


a- and f-naphthylamines or aminonaphthalenes, C,H NH,, 
resemble aniline in their behaviour, and are of considerable importance. 
Commercially, iron filings and HCl at about 50° reduce «-nitro- 


naphthalene to «-naphthylamine. This is also formed when naphthalene 
is heated with sodamide, NaNH.,. 


C,,H;NO, + 6H = C,,H,NH, + 2H,0. 


a_Nitronaphthalene G-Naphthylamine 


a-Naphthol yields «-naphthylamine when heated to 250° with the 
molecular compound of ammonia and zinc chloride. The reaction is 
quicker than in the case of phenol (p. 385). 


C,.H;OH + NH, = C,..H,NH, + HO. 
a-Naphthol a-Naphthylamine 


wNaphthylamine forms colourless needles (mp. 50°) which 
gradually turn brown on exposure to air. It sublimes readily, is volatile 
in steam, has a foul smell and is practically insolubl 


j C in water, but 
easily soluble in alcohol or benzene. It readily forms stable salts with 
mineral acids. The hydrochloride is slightly soluble in water, but is 


precipitated by HCl (contrast with aniline hydrochloride). Boiling 
chromic acid oxidises it to «-naphthaquinone, and Permanganate to 
phthalic acid. 4-Naphthylamine is converted 


{ L into «naphthol and 
1:4-naphthylaminesulphonic acid which make azo dyes. 


It is als 
used in photography to obtain bluish tones. 4 


An aqueous solution of a salt of a-naphthylamine (but not of the B 
gives with ferric chloride (or other oxidisi 


-isomer}y 
k CC 1d Ier Oxidising agents such as chromates 
precipitate. This is utilised for distinguishing them and also for the SRE 
estimation of chromates. 


B-Naphthylamine may be obtained by reducin -nitrona . 
which, however, is difficult to prepare (p. 197). Tenneally ন্‌ EE 
in high yield and purity, by heating B-naphthol with ammonia and 
zinc chloride at 250°, or with excess of aqueous ammonium sulphite or 
bisulphite at about 150° under pressure (Biicherer reaction). It forms 
colourless plates (m.p. 112°) which are odourless and volatile in steam 
It is largely used for making azo dyes, and certain B-derivatives Bf 
naphthalene through diazotisation. Permanganate oxidises it to 
phthalic acid. a«-Derivatives of naphthalene generally have lower m.p. 
than the B-. 


«- and f-sulphonic acids of naphthalene are formed when 
naphthalene reacts with conc. H,SO,. © reaction is reversible, and 
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Inore energetic than with benzene. Below 80°, mostly the 2-compound 
(m.p. 91°)1s produced, while above 120°, the B-variety (m.p. 102°) pre- 
dominates. The a«- is largely converted into the B-orm by conc. H,SO 
at about 180°. Superheated steam hydrolyses the «“-acid into naph- 
thalene and sulphuric acid, but not the B- which is thus Obtained pure 
technically. 

They are separated by forming calcium or lead salts, B-sulphonates 
being less soluble. The sulphonic acids are crystalline, hygroscopic 
solids closely resembling benzenesulphonic acid. They are highly 
soluble in water and yield naphthols on potash fusion, cyanides on 
distillation with pot. cyanide, etc. They are mostly converted into 
naphthols required for making dyes. The sulphonic acids and formal- 
dehyde condense to synthetic tannins (neradol ND). On further 
sulphonation, the -SO,H group goes to the other ring (cf., nitration of 
naphthalene) ; «-naphthalenesulphonic acid gives mainly 1:5-naphtha- 
lenedisulphonic acid with some of the 1:6-isomer. B-Naphthalene- 
sulphonic acid forms chiefly 9:7-naphthalenedisulphonic acid and some 
of the 2: 6-isomer. 

Of the 14 isomeric naphthylaminesulphonic acids, C,H.(SOsHNH:, 
naphthionic acid (the 1: 4-derivative) is the most important for making dyes such 
as Congo red. It is commonly prepared from a-naphthylamine hydrogen 
sulphate by baking at 180° (cf., formation of sulphanilic acid, P. 357), 


NH,SO.H NH, 
AN AA 
| 180 | | | 4+ H.O 
=> 
NAN SHA 
au-Naphthylamine hydrogen sulphate SO,.H 


Naphthionic acid 

Naphthols or hydroxynaphthalenes are analogous to phenols and 
behave more or less similarly. Both o- and B-naphthols occur in small 
amounts in coal-tar. «-Naphthol, C,H:OH, is made by diazotising 
«-naphthylamine and boiling with water the product (cf. formation of 
phenol from aniline, p. 882) or heating a-naphthylamine with dilute 
H.SO, at 200° under pressure (contrast with aniline). It may also 
BE) obtained from B-benzylidenepropionic acid (p. 484), which proves 
the constitution of «-naphthol and eventually, that of naphthalene. 
4-Naphthol is, however, cheaply made from sodium naphthalene-a- 
sulphonate, C,oHi;SO,Na, by alkali fusion at about 300° with a little 
water in iron vessel fitted with mechanical stirrers. The mass is poured 
into water and the sodium salt of a-naphthol formed is decomposed by 
carbon dioxide or dilute sulphuric acid. The crude «-naphthol is 
filtered off, and purified by distillation under reduced pressure. 

C,.H;SO:Na + NaOH = C,H;OH + Na:SO:. 
Sodium naphthalene-a-sulphonate a-Naphthol 

4-Naphthol forms colourless needles (m.p. 94°), sparingly soluble 
in water, but readily soluble in ether, alcohol, and benzene. It has a 
faint phenolic smell, and resembles phenol. It is a disinfectant (and 
deodorant), being slightly more active than phenol. «Naphthol is 
volatile at ordinary temperature. It dissolves in caustic alkalis (but not 
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; cali ates), forming naphthoxides (e.g., C,,H,ONa) Which are 
SB EE CAE He phenolic H is Teplaceable by acyl 
or alkyl group, and the -OH by Cl Or Br as usual. With ferric chloride 
It gives a violet precipitate of a-dinaphthol, HOC, H,-C, HOH. u 
Naphthol can be nitrated or sulphonated—the derivatives form dye 
intermediates. «-Naphthol (Ee 2:1 x 10-10) is a slightly stronger acid 
than the B- (k = 12x10-"). The Potassium salt of 2:4-dinitronaph- 
thol-7-sulphonic acid is naphthol yellow ; the sodium salt of 2:4-dinitro- 
naphthol is Martius’ yellow ; these dye silk and wool. The -OH of a 
naphthol is readily replaced by an NH, Sroup on heating with 
ammonia and zinc chloride (Pp. 488). «-Naphthol ethers are Obtained 
by heating «naphthol with an alcohol and H,SO,, but phenol ethers 
cannot be obtained similarly. 

Tests for a-naphthol.—(i) A dilute alcoholic Solution of a-naphthol gives 
with hot ferric chloride solution a violet Ppt. of a-dinaphthol. (ii) A solution 
of «naphthol forms with picric acid solution, both cold and Saturated, orange 
crystals of picrate. (iii) On Warming in dilute caustic soda soluti 


ট, s On With carbon 
tetrachloride and. copper Powder, it gives a blue colour (distinction from 
B-naphthol which gives no coloration). 


B-Naphthol, C,,HLOH, is made by alkali fusion of naphthalene- 
B-sulphonic acid like the «compound. By diazo reaction, it may be 
Obtained from B-naphthylamine Which, however, is made from 
P-naphthol itself (Pp. 438). PB-Naphthol forms lustrous, rhombic 
crystals (m.p. 123°) and closely rese It produces with 
ferric chloride a green coloration a 

of B-dinaphthol, HOC, H.-C, HOH. Unlike « 


), 10°76 z ৰ 
insoluble calcium salt and is not volatile in ste 


more commonly the B-isomer, are used in the 
thol couples with diazo-salts mainly in position 
in position 2 while B-n 


forms an 
aphthols, 
a-Naph- 
€ extent 


| aphthol does so only in position 1. P-Naphthol- 
sulphonic acids are more important for making various azo dyes, the 
SO,H group has a solubilising effect. 


reagent in the Molisch 


test f ji 
CisH.(NO)OH, is a delicate reagent fLr9teins (p.. 306). 


a-Naphthol is a 
Teagent for the 


d-Nitroso-B-naphthol, 
( the correspond- 
ing nitro-compound, C,,H(NO JOH, which i 

estimating cobalt in presence of nickel. : be EDIE Ss A 
.  Naphthaquinones, C,,H,O,, exist in three isomeric forms though 
Six are theoretically possible ; they may be Obtained like benzoquinone. 
«-Naphthaquinone, the true analogue of Pbhenzoquinone, is Prepared 
by oxidising naphthalene 10 acetic acid solut 

(benzene cannot be oxidised to 


t ike: LiODn With chromic acid 
0 quinone likewise), or With air in Presence 
of vanadium pentoxide. 4-Na i 


Phthylamine, 1:4-diamino- or dihydroxy- 
naphthalene. and other «- Or 1:4 derivatives of naphthalene EE 
«naphthaquinone on oxidation. forms yellow 


-Naphthaquinone 
plates (m.p. 125°). It has a pungent smell characteristic of quinones, 
sublimes at about 100°, and is volatile 2 Steam. On reduction, it gives 
1:4-dihydroxynaphthalene (cf. Properties of benzoquinone, P. 408). 
Vitamin K, and K, are «-naphthaquinone derivatives, which help coagu- 
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lation of blood. Lawsone, 2-hydrox i 

J EL Xy-a-naphthaquinone, occurs i 
the leaves of Indian henna (Lawsonia alba); it d 700 NE 
orange shade. ) GS ESTs 


1 j 
CE UE 0 
[ SLA 
4 oe ENE NSA Tt 


a.Naphthaquinone 

B-Naphthaquinone is formed when a«-amino-B-naphthol is oxidised * 
with chromic acid or ferric chloride. Its red needles decompose at 
about 115° without melting ; it is odourless and non-volatile. On 
reduction, it gives 1:2-dihydroxynaphthalene.  Chlorine-water or 
hypochlorous acid opens up the quinone ring and gives phenylglyceric- 
o-carboxylic lactone. Both a- and B-naphthaquinone yield phthalic 
acid on oxidation, showing that the oxygen atoms are in the same 
ring. B-naphthaquinone behaves as an o-diketone. 

Amphi-naphthaquinone has the oxygen atoms in different nuclei. 
It is prepared by oxidising 2:6-dihydroxynaphthalene in benzene with 
lead dioxide. It forms orange prisms (m.p. 185°), odourless and non- 
volatile. It is a stronger oxidising agent than its isomers. 

Corresponding to benzoic acid, there are the naphthoic acids, 
C,,H,COOH, obtained by hydrolysing cyanonaphthalenes, and also by 
other methods for preparing aromatic acids (p. 410). Both «- and B- 
acid yield naphthalene on distillation with soda-lime. They form 
colourless needles, sparingly s -naphthoic acid melts 
at 160° and the B- at 182°. 

Acenaphthene, C,H, occurs in the heavy oil fraction of coal-tar 
and in petroleum tar. It may be made by treating «-bromo-ethyl- 
naphthalene with alcoholic potash, or by passing a-ethylnaphthalene, 
or a mixture of naphthalene and ethylene, through a red-hot tube. 


oluble in water; « 


EE LE 
AANA KOH ASHAS 
EE dl 
YL NAN 
«-Bromoethylnaphthalene Acenaphthene 


Accenaphthene forms colourless needles or leaflets (m.p. 95°), soluble 
in alcohol. With chromic acid, it yields a quinone and then naphthalic 
acid (1:8) which forms naphthalic anhydride on heating. 


DA PY HOOC COOH 
SHAE E 
SEN sz 


Acenaphthene Acenaphthaquinone (m.p. 261°) Naphthalic acid (m. p. 266° 
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Acenaphthene, therefore, contains the -CH- groups in peri- ন 
:8-position. Acenaphthaquinone, made technically from acenap ন 
he is converted into some vat dyes. At red heat or with leac 
ঠি 


peroxide, acenaphthene loses hydrogen and forms acenaphthylene, a 
yellow solid (m.p. 98°). 


H,C—CH, HE 
|| 
' ALAN 
(Hl Tl lal Ae 
NA ১% 
ENG . Acenaphthylene 
QUESTIONS 
1. What are naphthols? What is their commercial importance, and how 
are they prepared? 
2. Make a comparative study of aniline and naphthylamine, and show 
that they are analogous compounds. 


3. How are a-naphthol and B-naphthylamine prepared 2 Show that the 
formula commonly assigned to naphthalene is in agreement with its behaviour. 
B.Sc., London, 1924. 


4. From what sources is naphthalene obtained ? What Products does it 
yield (a) on Oxidation, (b) with H.SO,, (c) with HNO, ? B.Sc., London, 1931. 
5. How has the constitution of naphthalene been established? How 
Would you obtain from naphthalene a- and B-naphthols, a- and B-naphthyl- 
amines, naphthionic acid, decahydronaphthalene, and 1:5-naphthaquinone ? 
A.ILC., 1934. 


6. Explain how naphthalene is used in the preparation of (a) B-naphthol, 
(b) B-nitronaphthalene, and (c) anthranilic acid. B.Sc., 1932, Punjab Uni. 

7. Justify the structure assigned to naphthalene. B.A. & B.Sc., 1937, 
Bombay Uni. 

8. How is naphthalene obtained On a large scale? Establish its consti- 
tution. B.Sc., Pass, 1951, Rajsthan Uni., B.A. & B.Sc., 1933, Allahabad Uni. 

9. Describe how the structure of naphthalene has been established. B.Sc. 
Degree Exam. 1941, Annamalai Uni. 

10. How is naphthalene Describe how it is synthesised, 
and prove its Constitution. What do you know about the isomerism of its 
derivatives ? B.Sc., 1941, Agra Uni. 

11. Indicate the method by which You will proceed to Prepare any three 
of the following : (a) phthalic acid, (b) B- 


naphthol, (c) Phenyl cyanide, (d) potato 
starch, and (e) acetone. B.Sc., 1942, Agra Uni. 
12. You are give 


s Phenol and naphthalene. How 
would you prepare pure specimens of the thr চি 
method for identifying each of the 
Madras Uni. 


CHAPTER XLIV 
ANTHRACENE AND ITS DERIVATIVES 


Anthracene, C,.H,,, a hydrocarbon of. three condensed benzene 
nuclei, is important as the parent substance of many dyestuffs. Coal- 
tar, the chief source, contains 0°25-045% of it. In 1882 Dumas and 
Laurent isolated anthracene from coal-tar (anthrax, coal). During 
coal-tar distillation, it comes with phenanthrene, carbazole and other 
substdnces, between 270°-860°, in green oil or anthracene oil (p. 818). 
On standing, a viscous mass separates, which is subjected to vacuum 
filtration ; the crude anthracene cake (with about 20% anthracene) is 
agitated with light oil at 90°, the undissolved portion is filtered as 
before. The cake now contains about 85% of anthracene; it is 
heated to 100° and centrifuged to remove traces of oil. The product, 
‘50% anthracene’, is powdered and washed with solvent naphtha 
which dissolves phenanthrene, and then with pyridine which takes up 


carbazole. Anthracene ls purified by sublimation. 
Carbazole (m.p. 245°) may also be removed by distilling with pot. carbonate, 


cH, 
non-volatile potassium carbazole, ১ ZNK, is thus formed. The distillate 
« 


0 


containing anthracene and phenanthrene, is treated with carbon disulphide 
which dissolves phenanthrene. 

Properties.—Pure anthracene forms colourless, glistening plates 
(m.p. 916°, b.p. 840°) with a blue fluorescence. It is insoluble in Water, 
sparingly soluble in alcobol and ether, but readily soluble in hot benzene 
toluene. Brilliant, ruby-red crystals of anthracene picrate, 
(6 Huo. CsHA(NO-) OH, (m.p. 188°) are obtained when saturated! 
solutions of picric acid and anthracene (both in acetone or alcohol) are 
mixed together. This breaks up on adding a large volume of alcohol. 
Anthracene may be identified by its picrate. 

On oxidation, anthracene yields anthraquinone, more readily than 
naphthalene forms naphthaquinone, but under drastic conditions, 
phthalic Cid! 35 obtained. «It is much easier to hydrogenate 
anthracene than benzene or naphthalene, €.§. with sodium amalgam 
in alcoholic solution, we get dihydroanthracene, C,,H,,. Halogens 
give both addition and substitution products of anthracene depending 
Lpon conditions. Thus at 0° anthracene 9, 10-dibromide is obtained 
readily with bromine and $9, 10-dibromoanthracene results with 
bromine in boiling carbon tetrachloride. Sulphuric acid readily pro- 
duces anthracene-l- and -2- sulphonic acids. A saturated solution of 
anthracene in benzene or xylene, on exposure to sunlight, polymerises 
to para- Or di-anthracene, (C,H) a crystalline compound (m.p. 
244°); 9 and 10 positions of one molecule link up with the correspond- 
ing positions of another. We get back anthracene on melting or 
keeping it in dark for a long time. Aqueous nitric acid oxidises 
anthracene to anthraquinone but in presence of acetic anhydride, 9- 
and 9: 10-nitroanthracene may be obtained at 15°. { 
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i: i 5 it be- 
ituti. anthracene.—From analysis, . anthracene is CH, i 
EEE NE benzene or naphthalene. With bromine, it forms. bromo- 
EES Which, on potash fusion, Lives a hydroxyanthracene. This, when 
Sidised; breaks up into phthalic acid and 0-ben: 


ZOoylbenzoic acid : 
A A LOH 
Eee SLT 
CiH;, —> CH,Br ——> C,.H,OH —> 


Anthracene 4 \co.H \N/\co/\/ 
Phthalic acid © o.Benzoylbenzoic acid 

Anthracene, therefore, has at least two benzene Tings ; this also follows 
from the fact that anthracene, on Oxidation, forms anthraquinone, C,.H,0O;, 
Which, on potash fusion at 250°, gives two molecules of benzoic acid. To ex- 
Plain these facts and Provide for the normal valency of 14 C and 10 H atoms, 
anthracene has been Liven a three-fused-benzene-rings Structure which has been 
confirmed by numerous Syntheses. 

(a) 0-Benzoylbenzoic acid (made from Phthalic anhydride and benzene 
in presence of aluminium chloride), heal ji 
H.SO,, forms anthraquinone which 

CO CO 
AAAS P.O, CANLANASS H DN N//' 
Lo UME UL A) > (fm 
2 A HANAN S 
COOH CO Anthracene 
9-Benzoylbenzoic acid Anthraquinone 


ls ting Il of 

n the 0-position with Tespect to ring I. But if we start with 
9-benzoylbromobenzoic acid, we get bromoanthraquinone Which, on alkali i 
Lives hydroxyanthraquinone. i 


(oe) (00) 
ZN KOH (VN 0 Hooc 
[lnm [lnm] S Im 
SANSA MATA EN 
Br CO HONGO Phthalic acid 
Bromoanthraquinone Hydroxyanthraquinone 


(b) Benzene, acetylene tetrabromide and AICI, give anthracene : 


CH. 
“ BOHR: A A; (1 ])| ad 
+ | | 
332 | => 
4 URE 4 NEAL NCAT 
Anthracene 
(c) When 0-bromobenzy1 bromide 
Sodium, we get dibydroanthracene Which 
(some phenanthrene is simultaneously for) 
CH,Br Br V 
Lens SSA 
Br F BrCH, CH, SSAA 
9-Bromobenzy] bromide 


9:10-Dihydcoanthracene Anthracene 


is boiled 
» On mild 
med). 


in ethereal 


. Eth Solution with 
Oxidation, gi 


Ves anthracene 


Anthracene has the following valence-bond Structures ; 
expresses its characteristics. 


None, however, truly 


on 
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/~ স১ AA: AAA NAN 
CAE OOF L =] 
ATA MALAYA MALAYA NAA 


An average of these, a resonance hybrid, best explains i i 
measurements indicate that all the 14 C-atoms of EE ER ET 
Para-bond structure under (b) which accounts for the formation of anthr: ঠথ 
from benzene and tetrabromoethane, and also the extraordinary TeAGtV AOL 
9:10 positions, is untenable as the distance between the para-C-atoms in Ae 
ring is the same as in benzene, and also for other reasons. 


.  Isomerism of anthracene derivatives.—For convenience of denot- 
ing the various substitution products of anthracene, the C-atoms linked 
with hydrogen are numbered or lettered as 


8 ry 1 &y Yi 07 

70 /N/\2 AAA 
2 B, | | I 
SS/S/\23 BAA Es 

5 104 Ys 


The 1: 2 bond has £ double bond character, and the 2: 8 bond 
only 2 (cf. naphthalene). It is clear that three isomeric monosubstituted 
anthracenes are possible viz, « (1, 4,5, 8), B 2, 8, 6, T) and ¥ (9, 10) 
or meso. With similar substituents, we have 15 disubstituted anthra- 
cenes ; with dissimilar, 28. The 9:10 positions are highly reactive : 
for instance, anthracene is readily oxidised to anthraquinone, reduced 
to 9: 10-dihydroanthracene, and unites with two atoms of sodium in 
9:10 positions. This is explained by the facts that unlike 1:2 0r 2:8 
addition product, a 9: 10 additive product can have four valency-bond 
structures like anthracene; such structures, therefore, have higher 
resonance energy than 1: 2 or 2: 8 additive structures. An addition to 
the 9:10 carbon atoms leads to the formation of two isolated benzene 
rings and results in a molecule of great stability. 

Derivatives of anthracene.—yy-Dihydroanthracene, OH, a 
colourless, stable solide(m.p. 1012); 18 dehydrogenated to anthracene by 
heating with conc. H,SO0,. On catalytic hydrogenation at about 250°, 
anthracene successively forms tetra-, octa-, deca- and finally, perhydro- 
anthracene, C,H. Octahydroanthracene is the chief constituent of 
some synthetic lubricating oils. On passing chlorine into a cold solu- 
tion of anthracene in carbon disulphide, yy-anthracene dichloride, 


CHC] - : et 
CHK nae is obtained. This is unstable, and gives 
y-monochloroanthracene, C,,H,Cl, on warming or with caustic soda, 
Bromine behaves similarly. If, however, chlorine is passed into 
anthracene at 100°, substitution occurs, f-chloro- and yy-dichloro- 
anthracene are formed. Both are yellow, crystalline solids (m.p. 108° 
and 209° respectively), and both yield anthraquinone on oxidation 
With oleum in acetic acid, anthracene forms o- and B-anthracene- 
sulphonic acids. Barium salt of the B-sulphonic acid only is insoluble 
in water; so they can be separated. On further sulphonation under 
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i itions, six isomeric disulphonic acids result wherefrom 
2 EEE of anthracene are prepared. «- and B-hydroxy- 
SAF ACENE are Obtained by potash fusion of the [oe) 

Phonic acids. They are known as «- and B 
naphthols. Y-Hydroxyanthracene or anthranol, 
(m.p. 120°), passes on, if heated rapidly, to the is 
a colourless, stable solid ( c s racene to 
‘9: 10-anthraquinone ; in acetic anhydride solut 

‘9: 10-dinitroanthracene are 
146° and 310° respectively. 


(6) Ae 
Anthraquinone, OECD is readily obtained by oxidising 


anthracene with nitric or chromic acid. 


The other two isomers viz., 
1: 2- and 1: 4-, are not important. 
Preparation—Finely Powdered anthracene (10 £8.) is dissolved in boiling 
‘glacial acetic acid (100 C.C.) in a flask with are i 


‘chromic acid (20 g.), water (15 .C.) is Tun down 
drop by drop from a tap-funnel. ept boiling for about 30 minutes, 
olume of water (500 c.c. Crude anthraquinone 
Water several 
দ Tecrystallised from 
Anthraquinone, a d 

limed anthracene with 
at about 100°, Oxidati 


Presence of VO, is cheaper. The chea 


condensation of phthalic anhydride with 
Presence of aluminium chloride at 40°-50°, 0-Benzoylbenzoic acid, 
first produced, is almost quantitatively transformed into anthraquinone 
by conc. H,SO, at 150° (P. 444). Orin one step, by Passing their mixed 
Vapours over silica-alumina at 850-400°, we Set anthraquinone, Labori- 
ous extraction and purification of anthracene are thus avoided 


COL CUS IL CON ESO! CO 
CHC 207 CH SEL যত GRC ODO, 


1 l is manufactured from sub- 
Sodium dichromate and 50% sulphuric acid 


€ by air at about 400° in 


benzene in 


Phthalic anhydride 0-Benzoylbenzoic acid 


Aunthraquinone 
Properties.—Anthraqui ises i 


high temperature, Tt is 
Ssolves in glacial 


Anthraquinone, however, differs 
in be LT aphthaquinone, Tt is not reduced 
by sulphur dioxide 1 Water, It does not reduce ammon. silyer nitrate 
nor does it liberate iodine 


Ez from Pot. iodide, It has 10 smell, and is 
not volatile in steam (cf, quinone, P. 407; naphthaquinone, P. 440). 
It, however, forms an oxime. Anthraquinone is no 


t also an oxidisin 
‘agent. It thus behaves more like a diketone than a P-quinone. § 
On Warming with zinc dust a 


ft Cand Aqueous caustic soda, anthra- 
‘quinone forms anthraquinol (abile) which tautomerises to oxanthrone. 


+ - 


IE AE SEE ETE nnn UU ET NE om. Ce" 


- 
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On reducing anthraquinone with tin and hydrochloric acid in elacial 
acetic acid, we get anthrone which passes on to anthranol, its labile enol 
form, with alkali. Strong reducing agents (e.g, hydriodic acid at 150°) 
or distillation with zinc dust converts anthraquinone into ERT aEenE 


OH o) HH 
ANAND FAA 1 FANANAN ASTANA 
(N= CUED 
LNA NLA NA AN 
OH AN [6) OH 
Anthraquinol ৰ HOH Anthrone Anthranol 
Oxanthrone 


* Hydrogen peroxide is now made cheaply by catalytic hydrogenation of 
2-ethylanthraquinone in an organic solvent to 2-ethylanthraquinol and oxida- 
tion of the latter with air back to the quinone (which is recycled) and hydrogen 
peroxide. 

Tests for anthraguinone.—On heating 0'2 g. of finely powdered anthra- 
quinone with about 5 c.c. of 10% caustic soda and a little zinc dust, an intense 
Ted colour of oxanthrone is produced. On shaking with air (when there is no 
zinc), the colour disappears, oxanthrone being oxidised to anthraquinone. 


Alizarin, 1: 2-dibydroxyanthraquinone, C,,H.OA(OH),, occurs, 
together with purpurin, as a glucoside in the root of madder (Rubia 
tinctorum) of which it is the chief colouring matter. Madder root 
has been extensively employed from the earliest times in India and 
Egypt, and in Europe from the 18th century, for dyeing Turkey Red. 
In Europe, the annual production of this dye was 150-180 million 
pounds. In 1827, Col and Robiquet obtained the dye as brilliant, red 
needles by heating madder root; they named it alizarin after Alizari, 
the Levantine term for madder. 

Ruberythric acid, a glucoside of madder root, splits into alizarin and 
primeverose, a disaccharide of glucose and xylose, on enzymatic hydrolysis : 

C;;0.,0,,,H,0 = C,.H,O, + Ci,Ha,0,- 
Ruberythric acid  Alizarin  Primeverose 


Madder was extensively cultivated in France. In 1869 alizarin was syn- 
thesised, and in less than ten years the cultivation of madder, which at that 
time fetched about £35,00,000 per year, was abandoned. It is the first natural 
dyestuff made in the laboratory. 

Synthesis of alizarin.—In 1868 Graebe and Liebermann observed that 
alizarin, on’ heating with zinc dust, forms anthracene, a constituent of coal-tar. 


C,.H,O, + 5Zn + HO = C,H, + 5ZnO. 
Alizarin Anthracene 


Alizarin was found to contain two oxygen atoms more than anthraquinone ; 
its ready solubility in alkalis suggested their existence in the form of phenolic 
-OH group. In the following year, they succeeded in introducing the two -OH 
groups into anthraquinone, and luckily obtained alizarin—one of the ten possible 
dihydroxyanthraquinones. Anthraquinone was brominated to dibromo-anthra- 
quinone directly, which, on potash fusion, gave alizarin : 


CO. Br, CO KOH CO 
LAM ONE EEE GHC OATES (0) LONE 
CHC TY \cod fusion Noo H.(OH), 
Anthraguinone j Alizarin 
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i i i is, CATO 

without bromine proved a commercial success. দ্র 

টি STEAD applied for English patent on June 25th 1869, and 

So Perkin did the same next day—both paities worked out the process. 

NR By: mutual agreement, Badische Anilin und Soda Fabrik manu- 
factured the dye in Germany. 


of alizarin.—(i). Anthraquinone (made from anthracene) is 
Feld Lune H.SO, ENS 40-50% of sulphur trioxide) at 160° in an 
iron vessel with mechanical stirrers. Practically all the anthraquinone is con- 
verted into its B-monosulphonic acid ; because of the high temperature, little 
a-acid is formed (cf., a-sulphonic acid of naphthalene p. 438). This is dissolved 


in water and neutralised with sodium carbonate, when the sodium salt, being 
sparingly soluble, separates. 


CO CO CO 
NY) H.S0, CANES Na,CO, Yon 
> | | 
5 লক > 

AAA Lean AAA AANA 
Et ene Anthraquinone- 8-sulphonic acid Anthraquinone sodium-S-sulphonate 
(i) The crystalline sodium sulphonate is mixed with caustic soda and 
potassium chlorate, and heated in an autoclave to about 180°, when the -SO,H 
group is replaced by an -OH and another -OH is introduced into position 1. 
‘The fused, purple mass is acidified with dilute H,SO,, alizarin Separates 
as orange-yellow flakes. It is filtered in a 


fs ed ir filter-press and made into a paste 
with water containing about 20% alizarin for the market. 


CO CO 
i Y SO,Na NaOH ie NONAS 
| =< Jl কা 
AAA AAG NEON 
Co Co 
Anthraquinone-sodium-B-sulphonate 
OC ONa OC OH 
1 fe Nowa Hso, (a Na YY \ OH 
| => Il 
NASANG NANI 
Sodium a দু 


Alizarin 
The yield of alizarin equals the Weight of anthrac i 
j of taken. The price 
of synthetic alizarin was 10s. a Ib. in 1869 SE ; 
this was 9d. per lb. less than the plant SOE EAT 


er’s cost of production. fh 
Properties.—Alizarin crystallises in fin by- .P- 
289°), soluble in alcohol and ether, UR LE ils 


i ন b { but almost insoluble in water. 
It sublimes readily and is easily be purified. As 
in caustic alkalis, forming a violet solution of alizarate This with 
metallic salts forms insoluble metallic রা ) akes, having 
different colours. For example, SG CAEL Ee dু 
(Turkey Red), the ferric compoun EE EER 
pound is blue, etc. 


Alizarin has no affinity for cotton or other 
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steeped in a suspension of alizarin in water, an insoluble red lake is formed On 
the fibre due to the combination of the faintly acidic alizarin with the feebly 
“basic ‘metallic oxide. The dye is thus permanently fixed on the yarn or fabric. 
‘The word ‘lake’ was originally associated with ‘lac’ or ‘lakh’ (i.e., 1,00,000) 
Which had reference to the very large number of lac insects (Indian lac). The 
term was next used for insoluble pigments derived from the insect. It now 
stands for any insoluble dyestuff that has no affinity for a fibre. These are 
called adjective dyes in contradistinction to direct or substantive dyes. Lakes are 
produced ‘in sitw on textile fibres. Their formation is apparently similar to 
that of salts: y 


Base + Acid — Salt 
Mordant + Adjective dye —> Lake 


For acidic dyes such as alizarin, the mordant is the base alumina or 
lime ; for a basic dye, e.g., magenta, the suitable mordant is tannic acid. 
iy Constitution of alizarin.—(i) Dibromo-anthraquinone, on potash fusion, 
yields alizarin, C:(H,O,. It is soluble in caustic alkalis, and Eives anthracene, 
C,,His, on distillation with zinc dust. Alizarin is, therefore, a dihydroxy- 
anthraquinone. (ii) Alizarin is obtained (together with its isomer hystazarin) 
by heating phthalic anhydride and catechol in presence of H.SO, (cf., formation 
of anthraquinone from phthalic anhydride and benzene, P. 446). As both must 
have the -OH groups in o-position, there are only two possibilities—alizarin is 
either I or I. 


HMA EON LAS Co CO QOH 
0 So +1 ee ANOS MAA 


LAOREET 
CO NAS ANS NAN Z 
Phthalic anhydride Catechol Ge i 
Hystazarin or alizarin 

(iii) Now, alizarin forms two isomeric mononitro-derivatives, both 
having. the -OH and -NO, groups in the same nucleus. This is possible if 
faizarin, has the structure I inasmuch as I is capable of yielding only one. 
It is supported by the fact that each of the two monohydroxyanthraquinones, 
obtained by heating phthalic anhydride with phenol and H.SO,, can be converted 
into’ alizarin." This would be impossible unless the -OH groups are in 
1: 2-positions as in II. 


Here the quinonoid group, OT D0 is the chromophore and the 


y Sঃ the auxochrome. Anthraquinone ITTY coloured substance—the 
‘chromogen—but not a dye as it has no auxochrome. Alizarin orange is nitro- 
alizarin ; alizarin blue or green is a condensed Pyridino-alizarin, and so on. 


Purpurin, another glucoside of madder root, is the 1:2:4-trihydroxy- 
i thraquinone. It may be obtained by the oxidation of alizarin with manganese 
dioxide and sulphuric acid. Several other Polyhydroxy-anthraquinones are 
important dyestuffs, forming lakes like alizarin. { 

PRE LAREN! C,,H,,, an isomer of anthracene, occurs with it in 
appreciable quantities in ‘50% anthracene’, obtained from green oil. It 
is extracted therefrom with’ carbon disulphide or Pyridine in which 
henanthrene is more soluble. It may be separated from anthracene 
f preferential oxidation of the latter to anthraquinone with chromic 
acid. Phenanthrene forms white, glistening Plates (m.p. 99° and b.p. 
840°), with a blue fluorescence. It is insoluble in Water, but 


29 


dissolves 


50 ORGANIC CHEMISTRY 
4 


i i ili It forms a 
i bon disulphide, boiling alcohol, etc. 
5 LEU (Beales, fn : 145°). Phenanthrene nucleus SEES 
ES alkaloids (e.g., morphine), sex hormones, bile acids and sterols 
in 


(e.g. cholesterol). Technically, it is unimportant; only a few dyes are 
derived from it. 


idati i omic acid, phenanthrene forms phenanthra- 
Rone CG 0 Pe CAA! We get diphenic acid, C, aHo04 
Le EL acid, HOOCC,H,-CH,COOH ; it yields 
diphenyl, CH.-C,H;, when distilled with soda-lime. Diphenic acid 
forms an anhydride, showing the Proximity of the carboxyl groups. 
Phenanthrene is, therefore, a diphenyl derivative. 


Its structure follows 
from its syntheses: 1 Kl 
(i) Dibenzyl with aluminium chloride in carbon disulphide yields 
phenanthrene: 3) a 
CH, CHA ES 1 
> CDs ৰথ 2 +28, 
\—/ Dibenzyl \=—/ 64 N= 
Phenanthrene 


(ii) Similarly, diphenyl and ethylene, or stilbene, C 
Passed through a 


sHICH=CHCH,, 
red-hot tube, gives phenanthrene: Li 


CH,=CH, ্‌ } 
LSS TE FSS 
el Sf 2 STE EE 


Diphenyl 
Anthracene can be distin 
part of the spectrum, Phenanthrene shows none. 
of the fluorescence bands, it can be estimated. 9,10 positions in 
Phenanthrene are the most reactive, having a 4/5 double-bond character 
(cf. anthracene, P. 445). Chlorine and bromine give unstable 9,10- 
dichloro- and 9,10-dibromo-derivativ 


es while catalytic hydrogenation 
yields 9,10-dihydrophenanthrene. 


Phenanthrene 


guished by its fluorescence in the visible 


From the intensity 


Phenanthraquinone, C,,H,O,, obtained by oxidising Phenanthrene 
with chromic acid in glacial acetic acid solution, forms odourless, orange 
needles (m.p. 207°) and is non-volatile in stea 


; E - It resembles closely 
B-naphthaquinone and behaves like a diketone, 
derivatives, oximés, etc. Sul i 


SAE HOOC  cooH 
Lian Spe LEE te 
SLATTED 
Phenanthraquinone 


Diphenic acid. 


NOE, 


— — — — 
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QUESTIONS 
1. How is anthracene prepared? Give the important uses to which 
it is put, and discuss its constitution. B.Sc., 1934, Punjab Uni. 


2. How can. anthracene and phenanthrene be synthetically obtained? 
How can you distinguish between the two ? 


3. How has the structure of anthracene been established? 
B.Sc., 1937, Bombay Uni. 
4. Give the preparation and properties of alizarin and justify the 
structure assigned to it. B.A. & B.Sc., 1938, Bombay Uni. 
5. What is the principle involved in dyeing? What are lakes and 


‘mordants? Give examples. 


6. Describe the preparation of anthraquinone from commercial sources. 
How may it be synthesised, and what are its chief commercial uses? 

B.Sc., London, 1935. 

7. How is anthraquinone obtained from _coal-tar? What synthetic 


methods are available for the preparation of this compound and its 


derivatives? Describe the preparation of a dyestuff from anthraquinone. 

8. How would you prepare alizarin in the laboratory? Derive its 
constitution. B.Sc. (Subs.) 1952, Bombay Uni.; B.Sc. Degree Exam. 1941, 
Madras Uni. 

9. Describe the relative properties of benzene, naphthalene and 
anthracene. B.Sc. (Principal Chemistry) 1942, Bombay Uni. 


CHAPTER XLV 
THE HETEROCYCLIC COMPOUNDS 


We have so far discussed mostly homocyclic compounds, 1i.e., 
carbon rings. Compounds with other elements e.8., oxygen, sulphur or 
nitrogen in the ring besides carbon, are called heterocyclic (Greek 
heteros other). Ethylene oxide (P- 110), the lactones (p. 189), succini- 
mide (p. 245), glucose (p. 278), fructose (p. 280) and other cyclic sugars, 
Phthalic anhydride (p. 420), uric acid (p. 298), etc., though ‘heterocyclic’, 
are relatively unstable and exhibit no aromatic behaviour. They, are 
not true heterocyclic compounds ‘Which have five or six-membered 
Tings, are quite stable and aromatic in character. They have conjugated 
double bonds. The chemistry of heterocyclic compounds 1s extensive 
and fairly complicated ; chlorophyll, alkaloids, hemoglobin, many plant 
Pigments (e.g., anthocyanins), numerous dyes (e.g., quinoline dyes), etc. 
belong to this group. Some of the simplest members will be described 
here. Heterocyclics with nitrogen are the most numerous and import- 


ant, then come those with oxygen ; sulphur compounds are relatively 
few. 


Five-membered rings.—The sim 
CHS, and pyrrole, C,H, NH. They are the buildin 


from benzene by 
and -NH- respectively. 
They closely resemble benzene. 


Furan, furfuran, C,H,O, occurs in Pine wood-tar; it may be 
Obtained by dry distilling mucic acid (p. 289); Pyromucic or furoic acid, 
first formed, Splits into furan and carbon dioxide. It is manufactured 


by passing furfural Vapour and steam over zinc and manganese 
chromite at 400°. 


CHOH.CHOH.COOH Distil 


CHOH.CHOH.COOH 
Mucic acid 


CH=CH 200° CH=CH 
——> | 
OH EEL brat ES 


COOH F 
Furoic acid ee 


Furan is a colourless liquid (b.p. 82°), very slightly soluble in water 5 
it smells like chloroform. It may be nitrated” with nitric acid 
in acetic anhydride (HNO, decomposes furan) to 2-nitrofuran. Substi- 
tution in furan proceeds more readily than in benzene. It is resinified 
by strong acids but is unaffected by alkalis. It cannot be halogenated 
or sulphonated directly. Passed over alumina at 450°, furan and 
ammonia form pyrrole; furan and sulphuretted hydrogen yield thio- 
phene. The furan ring, like thiophene and Pyrrole, is stable due to 
resonance ; the carbon-oxygen distance (141A) is less than the normal 
value (148 A) for a single bond. Furan is les 

Which again is less so than thiophene ; this co 
ance energy, 16, 22 and 29 k.cal./mole resp. 
from succindialdehyde by debydration with Phosphorus pentoxide 
establishes its constitution : 
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CH.CHO -H.0 CH=CH\..- CH-CH 

2! =] CH- 
CH.cHo EE CH=C > Ff ত 0 
Succindialdehyde Furan RS 5 " £ CH-CH/ + 


L In the furan ring, the positions are denoted, starting from the 
etero-atom, as follows ; a-derivatives are more easily formed than B- 


4 


20 or ১০ 
S$, B 


AS pine-wood splint, moistened with hydrochloric acid, turns green with furan. 
With isatin, it gives a violet colour. Furan itself has little use but some of its 
derivatives, e.g., furfural and tetrahydrofuran are technically important. Sodium 
and alcohol cannot reduce furan; hydrogen and Raney nickel at 80° give 
(in 90% yield) tetrahydrofuran, a useful solvent. 

Furfural or furfuraldehyde, C,H,O.CHO, occurs in small amounts 
in clove oil and fusel oil; coumarone, a coal-tar constituent, is benzo- 
furan. Furfural is formed, in definite but not quantitative yield, on 
distilling pentoses e.g., xylose, with 12% HCl. Substances containing 

entosans, such as wood, bran, straw, jute, etc. and also pectin yield 

urfural (furfur, bran, alium oil) likewise. Pentoses are estimated by the 
amount of furfural they yield—one molecule of pentose (e.g, xylose 
or arabinose) should theoretically give one molecule of furfural. 


HO He—C HO ke HE—CH 
HlHC CH-|lcHo HC CCHO + 3H,O. 
SE NG 
OH OHI a Re 
Pentose UU 


Properties.—Freshly distilled furfural is a colourless, heavy, oily 
liquid (b.p. 162°) with a rather pleasant smell ; it darkens on standing. 
is fairly soluble in water, readily soluble in alcohol and volatile in 


It is : < 
steam. It resembles benzaldehyde and gives with aqueous caustic 
potash Cannizzaro reaction: 


2C,.H,O0.CHO —> 


Furfural 


C,H,0.CH.OH + C,H,0.COOH 


Furfuralcobol a.Furoic acid 


With ammonia, it forms hydrofurfuramide, (C,H,O.CH),N, cor- 
responding to hydrobenzamide (p. 408). With alcoholic pot. cyanide, 
it yields furoin, C,H,O0.CHOH.CO.C,H,O (cf., benzoin, p. 403) which 
nay, be oxidised to. furil, C,H,0.CO.CO.C,H,O, analogous to benzil 

408). Furfural gives a pink colour with aniline acetate solution. Its 
condensation product with phloroglucinol or barbituric acid is utilised 
for its estimation. With zinc chromite at 400°, it gives furan and carbon 
monoxide. Dilute pot. permanganate oxidises furfural to furoic acid 
but sodium chlorate gives maleic anhydride, carbon dioxide and water 
a reaction industrially followed. Hydrogen with CuO-Cr,0, CATALNE 
gives furfuryl alcohol but with nickel, tetrahydrofurfuryl alcohol results. 

Furfural is commercially made from bran, oat hulls, corn cobs, etc., and 
dilute H.SO, under pressure. Large amounts are used in Nylon production 
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i jj i de 

Sters. Synthetic resins of bakelite type are mad 

HE EAT GARE is a solvent for cellulose esters, in synthetic 
from P| i 


lbber manufacture, in degumming kerosene and lubricating oils as well as a 
FEED for wood and leather. 


i S, the sulphur analogue of furan, occurs in coal-tar 
EE eho 0 and is Hetected by the indophenin reaction (p-. 
819). It was formerly believed to be a test for benzene. In 1888 V. 
Meyer, in a lecture experiment, embarrassingly failed to get the blue 
colour with synthetic benzene. The cause was traced to thiophene 
thio, sulphur ; phene, benzene) which he discovered in coal-tar benzene. 
cparation of thiophene (b.p. 84°) from benzene (b.p. 804°) is rather 
difficult. This is done by heating with mercury acetate—dimercuri- 
hydroxyacetate of thiophene, HO Hg C,HLS.Hg.OOCCH,, Precipitates— 
Or by repeated treatment with conc. H,SO 4 (P- 819), thiophene is more 
readily sulphonated than benzene. It is ITegenerated from the mercury 
compound by distilling with HCl, and from the thiophenesulphonic acid 
by superheated steam. Benzene is made thiophene-free easily by 
shaking with Raney nickel. Thiophene is more stable than furan or 
Pyrrole. Biotin (vitamin H) contains thiophene nucleus. a-Terthienyl, 
a trimer of thiophene, occurs in the Indian marigold Plant. 
Synthesis—(i) By Passing acety' 
at 400°, or acetylene alone over 


lene and hydrogen sulphide 
homologues of thiophene are also 


] lL Over alumina 
‘TON pyrites at about 300°: 


OEE Some of the 
CH=CH CH=CH 
+HS= | ZS T+ H.. 
CH=CH CH=CH 
Acetylene Thiophene 


(ii) Sodium succinate and phosphorus heptasulphide, PS (formerly called 
trisulphide) when heated together, produce thiophene: 


CH=CH 
RS, = 21 2 
CH=CH 
Sodium succinate Thiophene 
(iii) It is now manufactured b i | 
DEEL LO ESE ctured by passing n-but 


Separately, 
of 07 second, the exit gases 
recycled. 


27 =COONa 


S + 4NaPOS + 5S. 
CH,..COONa 


d ane and sulphur Vapour, both 
into a reaction tube at 650° 


for a contact time 
are cooled rapidly. The unreacted materials are 
CECH, 
CH,—-CH, 


Properties.—Thiophene i 


) 1s a colourless, mobile liquid with a faint 
odour of benzene. It is heavier than CIC With Which) itis iam iscible 
It resembles benzene but is sulphonated More readily e.g. at room 
temperature ; Cl, or Br, easily replaces H in position 2 and 5. It is 
very difficult to reduce thiophene. ITts homologues may be obtained by 
Wurtz-Fittig reaction ; these yield thiophene carboxylic acids on oxida- 
tion. Thiophene can be nitrated by Passing its vapour into fumin 
nitric acid, but not in the ordinary Way. 


Like furan, it is stabilised by 
resonance, the normal carbon-sulphur bond distance of 1-81 A is reduced 
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to 174A. Some drugs, i 

Tetrahydrothiophene He EE Soir SE made from thiophene. 
natural gas for detecti ein El ur of coal gas; it is added to 

[< etecting leakage in town gas SUED 
Pyrrole, C,H,NH.—Chlorophyll, nicoti i নল nd; 

hematin (the red pigment of bled) EAE deve oF By He 
nitrogen’ analogue of furan. It occurs in small quantities ee ন 5 
and in fairly large amounts in bone oil (or Dippel’s oil) STORES 
the dry distillation of bone-meal. Bone oil is HEL ted REDO 
coming between 100°-150° contains pyrrole. Pyridine bases are bored 
from this fraction by washing with dilute H,SO, and the nitriles of 
fatty acids by hydrolysis with boiling caustic potash solution. The 
liquid is dehydrated, and boiled with solid caustic potash ; potassio- 
pyrrole, C,H,NK, separates as a solid. This is washed with ether and 
decomposed by water to pyrrole which is finally purified by distillation. 
It is of little commercial importance. It dissolves cellulose acetate and 


caffeine. 
Synthesis.—(i) By passing acetylene and ammonia through a red-hot tube: 
CH=CH CH=CHNS 
নে + NH,= | NH + Hs. 
CH=CH CH=CH 
Acetylene Pyrrole 


n or distillation. with zinc 


(ii) From succinimide on electrolytic reductio! J 
m this synthesis. 


dust (p. 245). The constitution of pyrrole follows fro! 
CH=C(OW Zinc dust Ge 


CHICO sf 
at He 0AM CH=C(ORY CH=CH 
i Succinimide Pyrrole 


b '6i) By heating ammonium mucate (or saccharate) with glycerol at 200°: 


, . ) CHOH-CHOH-COONH CH=CH 
j ! |} 55 y | DNH + NH, + 2C0, + 4H,0 
‘ :  CHOH-CHOH-COONH, CH=CH 
Pyrrole 


. ' Amnion. mucate 

‘Propéirties.—Ereshly distilled pyrrole is a colourless oil (b.p. 180°, 
sp. gr. 0948 at 20°), smelling like chloroform ; it is. little soluble in 
water but readily soluble in alcohol and ether. It turns brown in air 
and slowly forms a resinous mass (cf. pyridine). Pyrrole behaves as a 
very weak acid and base. Thus, it slowly dissolves in cold, dilute 
mineral acids, and also reacts with metallic potassium in petroleum 
ether, or with solid KOH on heating, evolving hydrogen and forming 
potassium pyrrole. It is, however, insoluble in aqueous alkalis. The 
metallic derivatives are hydrolysed by water. Potassio-pyrrole readily 
vith alkyl or aryl iodides, the derivatives are tertiary bases: 

= 
C,H.NK + RI = C.H.NR + KI. 

As a secondary amine, pyrrole gives a nitrosoamine and an acetyl 
derivative. On reduction with zinc dust and acetic acid, we get pyrro- 
line (b.p- 91°). This, on further reduction with red phosphorus and 


hydriodic acid, or nickel and hydrogen at 200°, yields pyrrolidine (b.p. 


88°); both are strong bases. 


reacts 
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INES NH 
CH-CH,/ CH.-CH,/ 
Pyrrole Pyrroline Pyrrolidine 


Pyrrole is stabilised by resonance (resonance energy 24 k cal. per 


ike an aromatic compound, it forms 
substitution products but it cannot be nitrated or sulphonated, strong 
acids causing resinification ; HSO, or HNO, destroys the Pyrrole ring. 
It couples with diazo-salts and readily forms halogen substitution pro- 
ducts in non-acidic medium. With strong acids, pyrrole Probably 
Polymerises to solid Pyrrole red. On heating with chloroform and 
sodium ethoxide, in absence of water, B-chloropyridine tesults, 


CH 
CH-CH CIC (cH 
EE CHC — nal Mer 2H 
CH CH HC CH 
ৰ মি ং 
Pyrrole B-Chloropyridine 


TJodine and Pyrrole in dilute alcoholic caustic soda, 
or iodol, C.LNH, an Odourless (but less toxic) substi 
Surgical dusting Powder. 


Test.—Pine-wood Shavings, moistened with HCl, tu 


i iva ti IN crimson-red il 
Vapour of pyrrole or its derivatives 7708 fiery red, ol 5 A 
melts at 69°: a LD CLD ON), BG Picrate 


Live tetraiodopyrrole 
tute for lodoform as a 


Six-membered rings.—Of these, Pyridine, CHN, ; 
important ; here N= replaces a _ CH= group in benzene, OE So 
line and isoquinoline have fused benzene and pyridine rin NEO 
alkaloids contain these nuclei. - 8S. 


idine, CH.N, was discovered in bone oil 
It oe in small quantities in Californ; aon 800), 
fraction of coal-tar distillation (P. 818) an in tobacco Smoke ‘Shr oil 
from nicotine (which and vitamin B, contain the pyridine rin VT 
light oil is agitated with dilute sulphuric aci &)- Ve 


acid in a lead-lined 
| Vessel 
Pyridine and” other bases form a dark-coloured aque. 5 
sulphates. This is isolated, and treated with an CXcCess 


ONC. CAUSTIC! soda. the free bases separate as a dark-brown oil. Pyridine 
is obtained by fractional distillation. Coal-tar, the chief commercial 
source, contains about 01% of Pyridine. 
Properties.—Pyridine is a colourless mobile hygroscopic lio: 

৩ ly EM CSS, s Pic liquid 
ne 1157, UES id En ) যা a disagreeable smell. Tt is RE 
With water, alcohol, a - eter in all proporti nf ion i 
le OH dine EE Proportions ; from solution it can be 
Weaker than ammonia but sligh 
is alkaline to litmus. It readily fo 


iodides ; methylpyridinium iodide, CHN(CH 
‘These yield strongly basic, quaternary hy 
oxide. Pyridine cannot be acetylated ; it does NOt react 
acid nor responds to the carbylamine rea 


JE, is a crystalline solid. 
droxides with moist silver 


f With nitrous 
ction (cf., tertiary amines, 
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P. 207). It readily forms salts with acids e. NHC 
‘mostly soluble in water except the ly ES Re EE 
‘Crude pyridine may be purified by forming the Terr SEU) 
forms an orange-yellow, crystalline and sparing! SLE EE 
with platinic chloride, (CH,N.HC)PtCl, (m.p 240°) Ey ouble-salt 
167°) with picric acid. 2 | 2 Picrate (m.p. 
Pyridine is more stable than benzene (resona 
5 Ance ener a 

Es ‘mole, i.e., 5 kcal. more than benzene); itis almost NE 

oiling HNO,, chromic acid, KMnO,, etc. It shows aromatic charact হর 
—it is slowly sulphonated to B-pyridinesulphonic acid with conc. H SO 
‘at 350° and nitrated to B-nitropyridine with KNO, and fuming H S00 
at 800°. Halogen-substituted products may be obtained with difficulty, 
‘e.g., at about 400° in vapour phase. Alkylpyridines are readily ox disel 
to pyridine-carboxylic acids. «-Aminopvridine, C,H,.(NH,)N, obtained 
by heating pyridine with sodamide, NaNH,, in toluene solution, can be 
diazotised like aniline. Catalytic or electrolytic reduction, OEE 

and boiling ethanol, readily convert pyridine to hexahydropyridine or 

piperidine, C,H,,N. Conc. H,SO, at 500° oxidises piperidine back to 
‘pyridine. Conc. HI at 800° splits it into n-pentane and ammonia: 

C,H,N + 10H = CH; + NH.. 

Constitution.—(i) The molecular formula of pyridine is CsHsN; it is 
‘aromatic and closely resembles benzene. (ii) It is a tertiary base, forming 
methylpyridinium iodide with CHI. It does not react with HNO, nor gives 
‘carbylamine reaction. 

Based on these facts, Korner (1869) put forth a ring Structure for pyridine, 
similar to the Kekulé structure for benzene, Which has been confirmed by 
synthesis. A centric formula like that of benzene (p. 323) was also suggested. 
‘Pyridine is a resonance hybrid: the lone pair of electrons in nitrogen is free 

. This explains why Pyridine is more 


‘and combines with a proton readily 
less easily oxidised than benzene. | 


‘readily reduced but 
(NN A /~ 
(-0-UU 
DA CEE En 
ৰে হা ৰ ন 
2 TE 8 4 Pyridine (centric formula) 


The polar structures (c) and (d) are supported by its high dipole 
‘moment and somewhat longer C—N bond length (187 A in place of 


1:88 A for a half double bond as in benzene). 
Synthesis of pyridine.—(a) Allylethylamine forms pyridine when passed 


‘over heated litharge, PbO: 
Na CH 
CH, HC( NcH 
Lf 4+3Pb0= | | #3H.0 + 3p. 
oy CH, HC GcH 
SR Pyridine 


Allylethylamine 
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(b)_ Normal w-bromo. 


-Amylamine gives piperidine on heating with alkali ; 
strong H,SO, at 300° or ni 


nitrobenzene at 260° oxidises piperidine to pyridine : 
0H, —CHANH, HBr HC CH, 30 HC CH 


Se AEN: 
C ———>- HC NH —> HC N 
NCH, GH.Br < SST 


f HG CH, 
SBIONO anylamine Piperidine Pyridine 
Piperidine is also obtained from Pentamethylenediamine hydrochloride by 
dry distillation : ৰ 
+ 
H,. I= CH,—CH, 
HE RLS > HCC NH + NHCL+ HCI 
N\cCH.CH, NHC CH,—CH, 


CH, 
Pentamethylenediamine hydrochloride Piperidine 
(0) By passing hydrocyanic acid vapour and acetylene through a red-hot 
tube, pyridine is formed in low yield. 


CH=CH CH=CH 
CH NO HECK > N 
NN VA CH-CH 
CHCH 


Isomerism of pyridine derivatives.— The 
demands that there should be three 


TE isomeric monosubstituted 

টি Pyridines ; all are known. The Positions a and 

BL «are identical as also B and B’ with Tespect to the 

EAA Na nitrogen but the y-position is different from both. 

| | SE and EE in Pyridine correspond to. 
-» Meta- ani ara-positi i 

“le : 2, eae HE Para-position. . Tespectively of 


SC the substitu দ্‌ ঠ A g 
N 2:4, 2:5, 2:6, 8:4 RO corresponding to 29:3, 
Piperidine or hexah: dropyridine 
first obtained by heating with alkali pi TTR, CH,N, was 
whence the name. Reducti 


a - As No aromatic Properties and ৰ 
dised to pyridine by nitrobenzene, or conc. H. Pp d is oxi 


strong, secondary base (kh = 16 x 105) 
forming an acetyl and a nitroso-derivati 
from the air. Its aqueous solution Precipitates Hear hel 
xides. Piperidine is an accelerator in AS as 


: the vulcanisation of rubb 

Alkylpyridines resemble the parent substance and 
coal tar and bone oil. They are separated from p 
distillation, or fractional crystallisation of th 


methylpyridines are known as Picolines, 


hydro- 
ET 
Occur with it in 


yridine by fractionak 


€lr salts. The three isomeric 
the six 


dimethylpyridines as 
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lutidines and the six trimethylpyridi idil j 

isomeric with toluidines. On el REESE i EES ও 
ponding pyridine.carboxylic acids, having as many ‘cOOH EOUDST a3 
there are side-chains. Friedel-Crafts alkylation of pyridine is SDE 
able as aluminium chloride combines with the N atom iv SH 
positive charge. «-Alkylpyridines result on heating baterna ES 
dinium compounds (cf, formation of toluidine {from LEE 

CH, 


hydrochloride, p- 862). 
AM LTE 00 SUL KORN — 
CP ES CNS > SEN 


a-Picoline hydriodide a-Picoline 


Pyridinium methyl iodide 
Methylpyridines are all liquids with unpleasant odour. B-Picoline (b.p. 
ated with lime. a-Picoline (b.p. 129°) is 


142°) is formed when. strychnine is hea 
soluble in water. It is an insecticide and an accelerator in the vulcanisation 


of rubber. i; 

Pyridine-carboxylic acids.— Three monocarboxylic acids of pyridine, 
obtained by oxidising the corresponding alkylpyridines, are crystalline 
solids, soluble in water. They form salts with acids as well as bases 


(cf, glycine, P- 188). 
COOH 
fi COOH a 
COOH NA N/ 
N 
Picolinic acid Nicotinic acid Isonicotinic acid 
(m.p. 136°) (m.P. 231°) (m.p. 309° 
Pyridine-a-carboxylic acid readily loses carbon dioxide on heating, and 
ce colour with ferrous sulphate. Picolinic acid can thus be! 
or niacin’ is obtained from 


produces an Orang US SU! € 
distinguished from the other two. Nicotinic acid ‘is < d fron 
the alkaloi linic acid from. coniine, by oxidation. Nicotinic 
lled vitamin {0 (pellagra-preventing), is one of the components of 

যা i ishings and yeast. It isa 


it occurs in meat, liver, rice pol LC 
, a disease resembling leprosy. 


for the acid starts from pyridine : 


KCN H.0 
CHIN —> GHN(SOK) —? GCIH,N(CN) —> C:H,N(COOR) 
Pot.-B-sulphonate Nicotinic acid 
ne with boiling H.SO, in presence of selenium 


It is also made by oxidising quinoli 


dioxide. 

Of the pyridine 
the most notable. . They ‘ 
isoquinoline respectively with 


inolinic and cinchomeronic acids are 


dicarboxylic acids, qu 1d cf 
are obtained by the oxidation of quinoline an ৰ 


pot. permanganate. Oxidised with nitric acid. 


quinine yields cinchomeronic acid. 
a f RE NN 0 A OH 
—> 
—> 
SE NA COO NS N \/ COOH 
N Isoquinoline Cinchomeronic acid 
(m.p. 296°) 


N re TEE 
Quinoline Quinolinic acid (m.p. 192°) 
Quinolinic acid is a co J d, sli I 
carbon dioxide, when heated, forming nicotinic acl 
it gives an orange colour like picolinic acid. Cinch. 


lourless solid, slightly soluble in water; it loses 
d. With ferrous sulphate, 


omeronic acid, on heating; 
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i icotini isonicotinic acid. Both form anhydrides on heating with 
HER EE CE phthalic acid, p. 419), and pyridine on distillation with lime. 


Condensed ring systems.—Of the condensed, 
systems, quinoline, isoquinoline and indole are important. 


NAS AANA ANS 


3. 
COE 
4 ১১ A 
Quinoline Isoquinoline Indole 


heterocyclic 


Quinoline, C,HLN, occurs, with isoquinoline, in coal-tar and bone- 
oil. It is rather difficult to separate them in Pure state due to their 
close b.p. Some petroleum distillates contain quinoline and alkyl 
quinoline. Quinoline was obtained by Gerhardt i i 

uinine with caustic potash. The source 
for its name quinoline, Originally quin olein. Quinoline and its deriva- 
tives are conveniently made by Skraup synthe 


Soda and steam distilled. 
ATC. separated by fractional distillation. 


e 
lieved to be as follows : (i) Glycerine i 
1) 0 Lay (AH Ycerine is dehydrated to 


CHO 


CH 

) + OHS ¢ GEO AA 0 NN 
Me ad (0S (YS o 0) 
Aniline Acrolein 4% : NE i NAS 
Dihydroquinoline Oro 


b ined from ©-aminobenzaldehyde 
3 with PTOpionaldehy de, 3-methy!l- 


CHO HIGH al 
I = + 2H.0. 
NIE OiHc ১ 


0-Aminobenzaldehvde 


Baeyer made it from o. 


-nitrocinnamic aldehyde 
the amino-compound ; the latter loses Water and fo 


Acetaldehyde 


Which, on red 
TMs quinoline. 


CH CH 
/NLANGHMUE ANE 20 AAS 
RO) Ye El 
CHO NAS CHO 
NN NH, SN 


O-Nitrocinnamic aldehyde 0-Aminocinnamic aldehyde 


uction, gives 


Quinoline 
Hydrogen peroxide or alkaline pot. Pperman 


Banate oxidises it to 
oxalic and quinolinic acid (cf, formation of 


Phthalic acid from 
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naphthalene, p. 419) which on heating gives nicotinic acid. The pyridine 
ring is more stable than the benzene ring towards oxidants 


ASL HOOC 

) ) ৰ fF \ -CO, Hooc ) 
Eas! TEA 

A HOOC” A 

Quinoline Quinolinic acid Nicotinic acid 


Pot. permanganate oxidises 2-phenyl-quinoline to benzoyl-anthra- 
nilic acid, the presence of a benzene ring in “quinoline is thus proved: 


COOH 
7ANAON 0) A 
CORE 
LS \/ \NH.CO.CH, 
Quinolinic acid has the -COOH group in o-position, so the benzene 
and pyridine rings are also fused in o0-positions. The resonance energy 
is 69 kcal. and the contributing forms are 


A UN PAN AS NN 
(-00- 0-0-0 
NA NAA CE NG VK 


The isomeric derivatives are many as no. two Bes 
identical with respect to nitrogen. . The positions in EE ine RE 
are denoted by « B and y, while those in the benzene ring y 


ortho, meta, para and ana. 


a 2 
OE AL 
7 2 
un by i NN 


jl + line is a colourless, oily liquid (b.p. 287°), 

o Re P erties. — OU Tether, etc. but almost insoluble in water 
misci ridine) It has a sharp smell like pyridine. It is a weak 
(cf Poo 10-10) tertiary base, and readily forms, with mineral acids, 
) talline salts such as quinoline hydrochloride, C,H, N.HCl. These 
SR CrO,, produce insoluble quinoline chromate, (C,H, N),H,CrO, 
Cine ES! t for the base. With CH,I, quinoline forms methyl 


which serves as a tes i KL 

C,H,N(CH.)L a crystalline solid (m.p. 188°). 
tion occur in the benzene ring : fuming HNO, 
line. On catalytic hydrogenation, or with tin 
first to the pyridine ring, 1:2:8:4-tetrahydro- 
quinoline being formed. The benzene ring is attacked next, 
decahydroquinoline is thus produced. If in Skraup's synthesis, aniline 
is replaced by substituted aniline, say, toluidine, substituted quinoline 
results, the substitution being in the benzene ring. Again, if o-amino- 
benzaldehyde is condensed with a ketone containing -CH,-CO- group, 


uinolonium iodide, 
Nitration and sulphona 
gives 5- and 8-pitroquino 
and HCl, hydrogen goes 
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substituted quinolines are formed, the substitution being in the 

pyridine ring. ; 
All the seven methylquinolines are known. a-Methylquinoline or quinaldine 

{which occurs in coal-tar) is important for its use in making the costly dye 


quinoline yellow. Plasmoguine, an anti-malarial, is a quinoline derivative. 
Iodochlorohydroxyquinoline or vioform is an effective amobicide. . Some 
quinoline dyes are excellent photographic sensitisers. 8-Hydroxyquinoline 
(madt by Skraup synthesis using 0-aminophenol in place of aniline) precipitates 
quantitatively Cu and Zn from very dilute solution of their salts by forming 


chelate compounds and is used for their estimation. Quinoline is an important 
solvent. 


Isoquinoline, C,H,N, has a benzene ring fused to a pyridine ring 
in B,y-position. It invariably accompanies quinoline from coal-tar and 
forms only about 1% of the crude quinoline fraction. They are 
separated by fractional crystallisation of their sulphates from ethyl 
alcohol in which isoquincline sulphate is insoluble. Morphine, 
narcotine, papavarine, etc., have isoquinoline nucleus. ITsoquinoline 
smells like quinoline which it resembles closely. It melts at 24° 
boils at 248°. Isoquinoline is a slightly stronger base th 
(kb = 11x10-°). As a tertiary base, it forms quaternary 


+ EE 
Methyl isoquinolonium iodide, C,HN(CH,)L is a cr i i 
চ ৰ s stall 
(m.p. 159°). Alkaline pot. permanganate oxidises isc Let 
phthalic and cinchomeronic acid, q i 


showi 
Pyridine rings. The pyridine ring is NEL DS EEE 


and 
an quinoline 
alkyl iodides, 


quinoline. 
AG 0) COOH  Hooc/ 
DE টী ৰ 
N NA N NS COOH HOOcC NU 
Isoquinoline Cinchomeronic acid 


The structure of isoquinoline has been established by i A 
from ammonium Romoplhalate Lr RES 


Phthalic acid 


CH, CH 
| CH,COONH, Hu, (VN ] co ( 1 N c.oH 
COONH. Ea < 
a Uy NH 0) 2) 
mmon. homophthalate CO , C.OH 
Homophthalimide (tautomeric) 
AAS 
.C1 
POC, | A ne 
===> —> | 
RAE চী UN 
Dichloroisoquinoline HE Cle 


Homo- and nor- indicate higher and lower homologues respectively. 
Indole or benzopyrrole, CsH,N, has a benzene nucleus fused with 
a pyrrole ring. It is the parent substance of indigo and occurs in the 
oil of jasmine (about 25%), in neroli oil and the heavy oil of coal-tar 
distillation. Indole is formed when some ডী 


\ Proteins putrefy or are 
decomposed by pancreatic fermentation ; hence সা 


IT Ce its occurrence in human 
feces. Tryptophan, an essential amino-acid, is an indole derivative. 


Baeyer (1868) first obtained indole by distilling indigo with zinc dust. 
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“The name is derived from this fact. Indole-8-acetic acid, a plant 


growth hormone, occurs in human urine and higher plants. Indol 
ole 


‘may be prepared: 
(i) By heating o-nitrocinnamic acid with caustic potash and iron filings : 
CH N\— cH { 
I Fe + KOH | | 
ET AMEN 
N/A COOH BE 
Indole 


o-Nitrocinnamic acid 
(ii) By heating 0-aldehydo-phenylglycine with acetic anhydride : 


7A Ns #0) 
| CHO (CH,CO).0 fe | ae ERE 
CHLCOOH TEAM lo End 
AOA NL 
NH 
Indole 


0-Aldehydo-phenylglycine 
Indole forms colourless volatile plates (m.p. 5 

of feces, if not quite pure. After thoroug purification and high 
dilution, it has a flowery odour and is used in perfumes, and for 
stimulating the odour of flowers. It is oxidised by ozone to indigo. 
Indole imparts a cherry-red colour to pine-wood Shavings moistened 


with alcohol and FC. Ls volatile in steam. Indole resembles 
1 Substituents, however, 


is activated by the benzene 


k, secondary base, and forms an acetyl derivative. 
te by which it is identified. 


C.CH, 
Skatole, B-methylindole, CHK DCH, occurs, 


9°) having the smell 


‘in civet and feces, and 


or their repugnant odour. 


however, has no foul smell. 

B-hydroxyindole, C,HA(OH)N, occurs in the indigo 

Jant as a glucoside indican, and in the urine of the mammals as 
i i ndican). Indoxyl may be obtained 


otassium indoxyl sulphate (urinary # D 

by potash fusion of Dhenylglycine-o-carboxylic acid in absence of air. 
‘5 also formed when indigo is fused with potash or indican is 
hydrolysed by an enzyme. It is unstable. Indoxyl forms yellow crystals 


85°), soluble in water and alkalis. In alkaline . solution, it. is 


is responsible fi 
u-Methylindole, 


Indoxyl or 


™m.p: 
readily oxidised by air to indigo. * 
A COOH KOH 1 \—co os 
fusion CHC 
\/\NHCH,COOH A CH.COOH 
Phenylglycine-0-carboxylic acid NH 
Indoxylic acid 
( \ COOH ioe 
SYA AUER: 
NH 
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3 ASAE) NHN/N\N 

EC LO) 
EEN NA N\/\NH CO/N/ 
AE) NEY Indigo (trans-form) 


Heumann’s process (1890) with cheap anthranilic aci 


d from naphthalene 
UP. 414), proved a commercial success. 


COOH AEN EES 
COOH NaOH CO 
a CICH.CO,H | $ | | | 
| | HT \ NH-CH.CO.H 2008 \/\y CHCO.H 
\/\NH, Phenylglycine-o-carboxylic acid NH চী 
Antbranilic acid Indoxylic acid 
OE AOE 
Be | OE ESA 
“NN LANG NH 
Indoxyl Indigo 


The present-day method consists in cyclisation of Phenylglycine, 
“CH, NHCH,COOH, made by hydrolysing Phenylglycine nitrile, 
“CH: NHCH,CN, (obtained from aniline, HCHO and NaCN), with Sodamide 
to indoxyl. The latter, in alkaline solution, 1S Oxidised to indigotin by air. 
“Germany spent about £20,00,000 for chemical research and technical develop- 
ment before synthetic indigo was in the market. In 1880 India had 2800 
indigo factories with 3°6 lac Workers. In 1896-97, India Produced 8,433 tons 
Of it (nearly ¥ in Bengal alone), the. export value Was :£35,00,000 ; it fell to 
£60,000 in 1913 


. The total production In 1934-35 was only 510 tons, chiefly 
dn Madras, and nothing in Bengal. 


QUESTIONS 
1. Write the constitutional formula of 


of the following : thiophene, pyrrole, 
Pyridine, isoquinoline, anthraquinone, amino-acetic acid ani 
B.A, Pass, 1938, Bombay i 


d anthralinic acid. 
ni. 

2. Describe the synthesis of indigo from naphthalene. B.A., Pass, 1937. 
Bombay Uni. 

3. How do you arrive at the structure of Pyridine? B.Sc. Exam. 1947, 
Benares Hindu Uni. 

4. How is 


Pyridine obtained? Give 
Hts structure been established? 


5. How has the c 
the important properties 
1948. 


its chemical Properties. How has 
B.Sc., 1952, Nagpur Uni. 


onstitution of quinoline been established? Enumerate 
of this compound. B.Sc. Exam. Muslim Uni., Aligarh, 
6. How are quinoline and isoquinoline Synthesised? 
products formed on Oxidising the 


What a 
mM by means of KMnO,? B Ee 
‘Exam. 1941, Andhra Uni. 


‘SC. Degree 

7. Give evidences to show that pyrrole ITesembles aromatic compounds 

and possesses properties like phenol and aromatic amines. টু j 
Putana Uni. 


CHAPTER XLVI 
THE ALKALOIDS 


‘Pl i 
EAE Oe 
org y developed into a science. The use of nume 
herbs in Ayurveda, the oldest system of medicine, is a well-know' RE 
Ancient chemists broadly classified plant products into veEEtable? 5 
we ctable bases , etc. The latter were termed Alkaloids meanin. alkali 
like’ (cf., metaloids). These have one or more trivalent NEE ৰ 
form salts with acids. They are also called nitrogen bases. They are 
mostly amines, their names end in -ine. By alkaloids we now ean 
nitrogenous cyclic bases, with nitrogen in the ring, which occur in plants 
‘and only rarely in animals. This definition is not quite satisfactory 
ec are the synthetic alkaloids, identical with natural 
‘ones ; purine bases e.g., caffeine, theobromine, etc. do not behave like 
true alkaloids in many respects and are not included among the latter ; 
‘adrenaline (an animal alkaloid) and ephedrine have nitrogen in the 
side-chain. Broadly, the alkaloids are derivatives of pyridine, quinoline 
and isoquinoline but there are exceptions as well, ‘e.g., hygrine is a 


‘pyrrolidine compound. 
In 1803 Derosne isolated a crystalline substance from opium and called 
it ‘opium salt’ ; its basic property, however, escaped his notice. In 1805 
‘Sertiirner, a German apothecary, obtained it independently, noted its basic 
‘character and named it ‘morpheum’. In 1818, Pelletier and Caventou dis- 

they obtained brucine and a 


‘covered strychnine in Nu womica; next year, y ) 
year after, isolated quinine and cinchonine from cinchona bark. Since 800 


‘many new alkaloids have been isolated and described ; to-day nearly 


‘are known. 

Occurrence.—Plants with alkaloids are widely distributed in 
nature. Alkaloids occur almost exclusively in dicotyledons, and scarcely 
in monocotyledonous plants. They are found in cell sap (e.g, opium), 
Jeaves (e.g: coca), Stems, fruits (e.g., Piperine of black pepper), seeds 
(e.g, nuX yomica), bark (e.g. quinine), roots (e.g, berberine), etc. 
‘Seldom does an alkaloid occur alone, opium contains at least 20 and 

still being isolated therefrom. 


Closely related alkaloids 
found in the same plant. They are mostly present as 
malic, citric, oxalic, a 


iinasmuch as ther 


mew ones are 
are generally 0 f 
salts, usually with tannic, 
and lactic acids. Alkaloids 0 


with the same acid, €.£., aconite 
‘alkaloids with quinic acid. 

Classification.—This is done according to the source (e.g, opium 
alkaloids) or the heterocyclic nucleus alkaloids contain. But there are 
‘complex alkaloids with two or more rings, and many others of unknown 
‘constitution. Broadly, they are 

() Hydroxyphenyl alkylamine & phenyl hydroxy-alkylamine alkaloids : 

e.g. adrenaline, ephidrine. ন’ y 

(i) Pyridine alkaloids: €.£-, nicotine, piperine, coniine. 

(iii) Pyrrolidine alkaloids: €.£., bygrine, stachydrine. 

(iv) Tropane alkaloids: €.g., cocaine, atropine. 

iv) Quinoline alkaloids: €.8., quinine, cinchonine, 


nd rarely with acetic 
f the same group are found combined 
alkaloids with aconitic acid, cinchonine 


strychnine, brucine. 
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(vi) Isoquinoline alkaloids: e.g., narcotine, Papaverine. 
(vii) Phenanthrene alkaloids: €.8., morphine, codeine. 


Properties.—The alkaloids usually contain C, H, O and n f Se 
icotine, coniine, etc., have no Oxygen; these are usually liquid. ids 
রে mostly crystalline solids. They are colourless, some e.g., berberine 
axe yellow. They are insoluble in Water (nicotine 
exceptions) but dissolve in neutral Organic solvents such as 
ether, chloroform, ethanol, carbon tetrachloride, 


iliti caloi a rule bitter 
solubilities. The alkaloids are as a ru ter, 1 
jori i Vo-Totatory, a 
Ority of them are 0 tically active, usua y } 
tasteless. Maj y p EE 
tine, coniine, etc., have a strong odour. Quinine, brucine, CtCc., are 
2 . 
sometimes employed for the resolution of Tacemic acids (p. 259) 


solvent, or steam-distillation. ey may also be Separated in the form 
of sparingly soluble salts. Resi i 


Temoved by oxidation or adso 


Tests.—(i) In Presence of HCI, alkaloids yield yellow, crystalline ppt. 
of BHAuCI, with auric chloride, AuCl, (or Platinic Chloride, PIC), B being the 
alkaloid. The alkaloid may be identified f| ivati 

(ii) Alkaloids Live white or yellowish i 
iodide in pot. iodide (Mayers Teagent). 1 part Of strychnine in 80,000 parts 
of water may thus be detected. They also vield i i ji 
a dilute solution of iodine i aj 
Ppt. with Potassium-bismuth-iodide ( 
amorphous ppt. with Phosphot 


(iii) Colorations Are produ 


ced by Many alkaloids with 
dehydrating or Oxidising €.0., i 
(Brdmann’s Teagent); 1% Solution of mmoniul 
(Froehde’s Teagent) or sodium metavanadate in 
Teagent), তা 
In alkaloid Poisoning, €.g., with Morphine, the Contents of the Stomach 
are pumped out and a liberal dose of dilute tanni i 


(and so, Physiologically Inactive) 


5. an Orange-red 
rea ; a white or yellowish 
cheibler’s Te C. 


an 5,000 Years. It is a 
Phenylalkylamine, CEE LH(OR).CH(NHL CH yc 3’ (m.p. 40°) and exhi 
bits a leevo-rotation in alcohol. Ttis used for Increasin 
and in bronchial asthma, hay fever and cold 


- * Ephedrine resembles 
adrenaline in Physiological action and may be t 
ephedrine (m.p. 118°), a sterec-isomer 
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dextro-rotatory. Ephedrine was s i i 
C 0 Cl { ynthesised in 1999 b i 
reducing benzoyl-acetyl in presence of methylamine in Ee 


CH,CO.CO.CH, + CH,NH, + 2H, —> C,H,.CHOHCH(CH,)NHCH, 


.  Adkrenaline, epinephrine, C,H,,NO, (epi u ci 

is a hormone secreted by glands situated oT a ET are ta 
the kidney). It is the first hormone (hormaein, to excite) isolated in 
crystalline form (1901) and identified as a chemical entity and also the 
first to be synthesised. During emotional excitement, it is produced 
in large amounts. It has not been found in plants. It is extracted from 
supra-renal glands ; synthetic adrenaline (racemic) is made from catechol. 
The gland product (m.p. 211°) is only slightly soluble in water. It is 
L-rotatory and physiologically 15-20 times more active than the d-isomer 
Adrenaline gives a green colour with ferric chloride. On potash fusion, 
it yields protocatechuic acid and catechol. On hydrolysis with boiling 
alkalis, methylamine is formed. Adrenaline is used in medicine, it 
contracts arteries and raises blood pressure considerably ; it constricts 
blood capillaries and stops bleeding. It is also employed in asthma, 
hay fever, etc. The hormone is exceedingly potent, the concentration 
of adrenaline in normal blood is reported to be about 1 in 2,000 million! 


OH OH OH OH 
NOH POCI, //\ oH /\‘oH. (HOH 
| +cH.ccon—> | | cass, | | EN fe 
NN ——> Pd 

Catéchol CICH,OUN  CH,NHCH.0t CH,NHCH,.HOHC 
Adrenaline 


Coniine, C,H, N, occurs in the spotted hemlock (Conium 
mnaculatum) as a salt of malic acid. The plant or better, the crushed 
seeds are distilled with caustic soda solution and coniine is extracted 
from the distillate with ether. lItisa colourless, poisonous (fatal dose 
02 g.), oily liquid (b.p. 167°) which turns brown on exposure to air. 
Ir is fairly soluble in water and has a disagreeable odour recalling a 
mouse and a burning taste. It paralyses the respiratory system. Natural 
coniine is dextro-rotatory and strongly alkaline. It is the first alkaloid 


synthesised. 
Constitution and synthesis.—Mild ‘dehydrogenation of the alkaloid gives 
te oxidises it to pyridine-a-carboxylic acid or 


5 ridine; pot. permanganate OxIcls¢ js ক SS 
u-propyIpy ke hese prove a piperidine ring with a side-chain in the 


-picolinic acid. Ti E 
SUE “Reduction of coniine with hydriodic acid and phosphorus at 300° 
under pressure yields n-octane, showing an unbranched side-chain. From these 
and other reactions, Hofmann (1884) regarded coniine as. «-propyl- 

jperidine. Ladenburg (1886) accomplished the synthesis. a-Picoline (made 
by methylating pyridine with methyl iodide and heating the N-methylpyridine 
iodide, p. 459) was condensed with acetaldehyde in presence of zinc chloride 
to u-propenylpyridine. This, on reduction with sodium and boiling alcohol, 


gave CcOniine. CH, 
CH,CHO - ) H 5 CH, 
2505 > { CH:CHCH, H.C 0 CHCH,CH.CH, 


N . 3° 
a-Picoline a-Propenylpyridine dl-Coniine («-propylpiperidine) 
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isati -coniine-d-tartrate 3; 
i llisation of dl-coniine টি 
-coniine by fractional crystal Ee 
De EEE the DET NONE ioc 
SOE juice, the official pois HEE ER 
Et TEES increases with the length of the side Chain, 
EET times as toxic as piperidine. 


inci i Piper nigrum or 
ineri the rincipal alkaloid of { i 

NEE 58% Jos PE ined heating powdered pepper es ভা 

bee EE extracting the dried mass with Se It oN) লা ন 

ERE i }s cally insoluble % 

i tals m.p. 129°), practi y ins 

EE EEG i HE RS Physiological activity. The sharp 

5 er iS due to the cis-isomer, chavicine. Piperine is a very 

a 2 EE inactive base. Alcoholic potash hydrolyses Piperine 2 

I EA NRE nd Pot. salt of piperic acid, showing that it is an amide: 
bE ipeie acid with piperidine. 

C;;Hi,NO, + HO = C.H,,N + C,.H,.0.. 


Piperine Piperidine  Piperic acid 


€ of Piperic 
€ solution and obtained Piperine. Piperic 
acid, on oxidation, yields Piperonylic acid. 
AA 
0-— O0- 
=) =<] ) 
\0-\ )-cooH 0-\ CH=CH.CH=CH.COOH: 
Piperonylic acid 


Piperic acid 


0-1 HOLL CH, 
cH < 
0- CH=CH.CH-CH. CON DCH, 


Piperine HC CH 
Nicotine, CH, .N,.— The leaves of Nicotiana tabacum and 
] in a number of alkaloids 
(from Nicot Who i 
1S combined with malic and citric 


acid ; dry tobacco, 
to 8% of it and rustica 5-14%. Th 
by distilling the Powdered tobacco leaves and ste 
and extracting the distillate with ether or 


1 Nice . Crude 
Xalate. icotine, 
(b.p. 247°), darkens o i 


2 


During 5 


Ppears in the smoke. 


contact insecticide. d-Nicotine is much less poisonous 
Pot. permanganate or conc. nitric acid OXidises nic 
acid or B-pyridine-carboxylic acid. So itis a B-d 


otine to nicotinic 
It also forms two isomeric quaternary compounds, 


erivative of Pyridine. 
showing the Presence: 


fh 
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of two tertiary amino groups. A. Pictet (1908) synthesised: it: 
resolved into d- and l-forms. X TONGS 


+ With mucic acid, fB-aminopyridine gives the mucate i 

distillation, forms B-pyridyl-N-pyrrole. This, on heating Slr ES 
to B-pyridyl-a-pyrrole. _lts potassium salt and methyl iodide are Heated to 
obtain a methyl derivative, nicotyrine methiodide, which, on distillation: with 
lime, yields nicotyrine. It is iodinated with iodine, and the resulting iodo- 
compound reduced with tin and hydrochloric acid to a hydro-derivative. This 
forms bromonicotine with bromine in glacial acetic acid, which, on reductiom 
with tin and hydrochloric acid, passes on to nicotine. 


CHOH.CHOH.COONH..C:HঝN Dry /\/ NC 


| Eee | Heat 
CHOH.CHOH.COONH..C,H.N distil ES SEC 
B-Aminopyridine mucate 


N 
B-Pyridyl-N-pyrrole 


HN | | Pot. salt AN ( | Heat 
SAT | ZA Fern 
NH heated with N-CH, with lime 
CHI 
N "INCH: 
-Pyridyl-a"| ] 
LER SPORT Nicotyrine methiodide 
] C—CI HC Ee 
[ + /\ 
Stal I /\_C CH Sn ACH OH 
a AME OT Se Fal Ny 
| N-CH, SN N-CH, HCl \N N-CH, 
্ধ N 
N 
Nicotyrine BC CHE H.C CH, 
| 


মী Nicotine ও 
d id i conclusively but differently, Methylsuccinimi |e 

Shot (1928) dic ction, gives N-methylpyrrolidone (ID. This is con 

(1), on electro inte (11ND) in presence of sodium ethoxide in, benzene. Ne ul ং 
With Cth! he ting with fuming hydrochloric acid at 130°, (IV) yields ha 
to UN a Sg f carbon dioxide. Reduced with zinc dust and alcoholic. 
SE a hydroxy derivative. With hydriodic acid at 


to (VD, '- ঠি 
p (V) passes on to... Teplacing the -OH group. Final ring closure 
100°, (VD LO PEE (VID with aqueous caustic potash. 

H  CH,-CH, © /\ -cooEt {| -co-cH-CH, 
H,C—CH: 5 | + | Ee | | | 


| 
IED {4 CO CH; 
oC £0 SA TN ৰ Sal 
—-CH N N-CH. 
N-—CH: nn oe Wa LLL TVALD 
i N-Methylpyrrolidone B-Pyridyl B-N-methyl= 


«-pyrrolidonyl ketone 
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CH,-CH, JE 
HEL eo) CH. EH /\ -cHoH LOH, HL 
A —> ডি 
136° \ 2 NH.CH, 0 NHCH, 108 
বব N 
Vv VI 
B-Pyridyl En 
mMino-n-propy' etone 
3 CH,-CH, CH,~CH, 
HI CH, KOH CHM CH, 
UG sO 
VII RCH, 


The world Production of. tobacco is More than 2 million tons corresponding 
to 66-70 thousand tons of nicotine alkaloids, 


Atropine, C,HL,NO,, is Present in dead 


belladonna), henbane (Hyocyamus mn, 
stramonium). The last i 


Powdered belladonna ToOt is made alk 
to obtain atropine. It isan ester which 


ly nightshade (Atropha 
© (Datura 


» On hydrolysis With warm baryta 
solution, yields tropic acid (m.p. 117°) and tropine (m.p. 68°), a basic 
alcohol. i 

CH,-CH_cH, AE 
CH,N CR-O.0C.CH.C,H, oo CHOH HOCH. CH cooH 
CH,-CH_ CH, OH : 


MCE CH,-CH_ Cy, CH, 
Atropine Tropine 

Prisms (m.p. 116°), 
oluble in alcohol Or chloroform: 


Water but readily s 
i . Itisa Tacemic, stro 


is the fatal dose) 


: the b Ce surgery, Jt is An antidote 
Or toadstool Poisoning ; it checks the flow iva, Perspiration, etc. 
The sulphate is also a local Anaesthetic. The Lisomer is € active 
Laden- 
for furnishin 
J CY produce hallucination’ 
Even now, these are chewed or smoked in India i 


. COCa leaves (Erythroxy- 
য ans a mulant, uch of ন 
Obtained from Java, Mainly as the cinnamy] d £ 
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or chloroform. Cocaine (m.p. 98°) is levorotat i 
i .P- OFYAET 
ester of benzoylecgonine and is closely related to Lope Ni 


FE EANESSOH CH.-—-CH- CHCOOCH, 
| | 
gf its ie CH.0O.CO.C.H; 
{ 5 
CH,—-CH-—CH; CH,.-CH— CH, 
Ecgonine Cocaine 


.  Alkalis or mineral acids hydrolyse it to l-ecgonine (tropine-carboxy- 
lic acid), benzoic acid and methyl alcohol. With boiling water, benzoyl- 
ecgonine and methanol result. Willstitter synthesised cocaine in 1953. 


Cocaine paralyses the peripheral nerves and is a local aneesthetic in 
dentistry and minor surgical operations. Taken internally, it deadens hunger, 
and increases physical and mental power but the after-effect is extreme depres 
sion. It is a drug of addiction. Cocaine increases the body temperature consi- 
derably. Novocaine, H.N.C,H,.CO.OCH,CH.N(CH.),, a synthetic product, 
which is a much less toxic and also cheaper anesthetic, has replaced cocaine. 
Theobroma cacao, the source of cocoa and chocolate, is quite different from the 
plant that gives cocaine. - 

Quinoline alkaloids.—The cinchona alkaloids are the most not- 
able of the group. More than thirty occur combined with quinic and 
cinchotannic acid in the stem, branches and root-bark of the species 
Cinchona, the most important being cinchonine and quinine. Cinchona. 
bark was used as a febrifuge about three centuries back, and though its 
original home is South America (known as ‘fever tree’ there), it is now 
extensively cultivated in Java and India. Quinine which is methoxy- 
cinchonine, is much more effective in malaria than cinchonine. 

Cinchona plantations in India are at Mangpoo and Mansong in the 
Darjeeling district of West Bengal under the State Government. There is 
another in Madras. Java is now the greatest cinchona-producing country of 
the world. India requires about 600,000 1b. of quinine annually but produces 
about 90,000 lb. only. The world production of quinine (about 600 tons) falls 
t of the requirement and hence the need for synthetic anti-malarials. In 


shor y i ৰ 
1638 Anna Cinchon, wife of the Spanish viceroy of Peru, was cured of malaria 
with the bark of this plant which was named cinchona. The alkaloids occur 


in the bark, specially in lower parts of the trunk (2-10%). This in some species 
may contain 18:5% of quinine (as sulphate). 
Quinine, C,H, N20, was discovered in cinchona bark by Pelletier 


and Caventou in 1820. 
Dried cinchona bark is pulverised and thoroughly mixed with 


tion.— { S 
Ered IE (30% by wt.) and 5% caustic soda solution (90% by wt), and 
evaporated to dryness. The dark brown mass is extracted with boiling, heavy 
etroleum, benzene or toluene. The extract is agitated with hot, dilute H.SO,, 
the alkaloids dissolve as neutral sulphates. The hot solution is neutralised with 
soda ash and allowed to cool. . Crystals of sparingly soluble quinine sulphate 
I ATAtE minor alkaloids remaining in solution. It may be decolorised with 
ama) Charcoal, and recrystallised from water. The free base is obtained by 
treating the sulphate (in dilute H:SO,) with dilute sodium carbonate and 
recrystallising. Salts other than the sulphate are prepared from the free base. 

Quinine crystallises in white needles with three molecules of water 
(m.p. BILE melts at 177° when anhydrous. It is almost insoluble in 
water but readily soluble in ether, alcohol or chloroform. Quinine.as 


well as its salts has an extremely bitter, persistent taste. It is a levo- 
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rotatory, [«]Je = —158°, weak, di-acidic base and f 
The common salts are the sulphate, (CoH, NO.) ,H,SO, +. 8H,O, and 


are more soluble in water than normal salts of Hi,SO, ‘or HCl. A 
very dilute solution of the sulphate exhibits a beautiful blue fluores- 
cence. Quinine, in small doses, is a tonic, but it is highly toxic. 


Quinine, a tertiary diamine, combines with two mols. of methyl 
iodide. It has a hydroxyl and a methoxy Sroup. Quinoline is 
obtained from quinine by distilling with caustic Potash (p. 460). On oxi- 
dation with chromic acid, quininic acid, St acid, CH,(OH) COOH, 
etc. are formed. Konigs Suggested the fo lowing structure for quinine ; 
a synthesis by Woodward and Doering (reported from U.S.A. in 1944), 
confirmed it. 


N 
AN COOH; 
ile eons 
CHO / \N/~ 
| H.C le DE 
NAA 2 NS EA CHE Quininic acid 
N A 
CH 
Quinine 


Buguinine (ethylquinine carboxylate) (th. icvli 

i KY s € salicylic ] 
of quinine, etc. Are tasteless. Quinine Sulphate produces ac ETRE SE 
in the ear and in large doses May cause deal H 


Tests.—(i) On adding a Slight excess of Chlorine 1 
to the solution of a quinine salt, a gr He-Water and then ammonia 


fl 2 cen ppt. is obtaine ৰ 
ammonia with an emerald green colour. ned, soluble in excess of 


(ii) A dilute (0:5%) solution of quinine 
Shows blue fluorescence Which is dis 


ic soda. i 2 
solved in the least quantity of boiling alcohol], fr Precipitate is dis- 


crystallises on cooling. It forms White pris ©) Inchonine 
Ry, It is ES TOO [Jo = 934, ST (m.p. 264 ) that sublime 
highly soluble in alcohol or chloroform. inchonine for 
quinine. Chromic Or nitric acid Oxidises i - 
Y:quinoline-carboxylic acid. Unlik ini 

give no colour with chlorine-water monia, nor d 
exhibit fluorescence in dilute solution. : og 


J Strychnine) occur 
aint Ignatius’ beans 


cr and slaked lime 


zene or tolu | 
In alcohol. ee. Both yield 
[-) 


(2-3%). The ground seeds are mMacerate 
and the alkaloids are extracted with be 
quinoline and indole on Potash fusion. 
strychnine is _110° and for brucine, 
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suggested a constitution for strychni 

ychnine, su d ঢু 
Rr B. Woodward has confirmed it in 1954 BEES {6 es 
alkaloids are employed for resolving racemic acids. (RET 


The mono-acid 1 i 

talline solid (m.p. EE EE ATE EES TUTE ALL 
{ : p. 2 ecomposition), almost insoluble in w 

but highly soluble in chloroform. It is extremely poisonous and Ee 
death after tetanic spasms. In very minute doses strychnine is a TORE 
and a heart and respiratory stimulant. It kills vermin and other NE 
animals. Half-a-grain of strychnine sulphate may prove fatal A ই 
1 in 5,00,000 of water has a very bitter taste. (oii 


Test.—Finely powdered pot. dichromate is sprink i 
5 | | ত prinkled over a soluti f 
strychnine in conc. sulphuric acid, a violet coloration, first produced, HES! 


gradually to red, and finally, to yellow. 
India is the largest producer of strychnine salts; her annu j 
is estimated at 15,000 Ib. y i Dual nprodbeion 
Brucine, C.,H.:0,N;, 4H.O, is a colourless, crystalline mono-acid 
base, melting at 178° when anhydrous. It has no therapeutic value- 
(cf-, quinine and cinchonine). Brucine is more soluble in alcohol and 
water and less poisonous than strychnine. Jt isa costituent of rat 


poisons. 

Test.—A deep orange colour is produced when nitric acid or a nitrate is 
added to a solution of brucine in conc. H,SO.. The colour turns violet on 
adding a little stannous chloride solution. This is also a delicate test for- 


nitrates. 
), occurs in the root 


he ground root with alcohol 
or benzene. (Greek emetikos, vomit). 
It is a remedy for amoebic dysentery. A constitution 
suggested in 1948 by R. Robinson, which contains 
tetrahydroisoquinoline nuc 

Morphine, C,,H,.0,N. 


niferum) heads contains some 


The juice of some Poppy (Papaver som- 
95 alkaloids as salts of meconic and 


lactic acid ; the most important is morphine. The dried juice from unripe 


apsules is opium (Greek opion poppy juice) from which morphine was. 
separated in 1805 by Sertiirner, a German apothecary. It is the first 


alkaloid to be isolated. 
d with calcium chloride solution to a thin paste, is extracted 
The alkaloids form soluble hydrochlorides ; calcium meconate 


ecipitate. The filtrate is concentrated in vacuo: narcotine and 
Snel Pier with sodium acetate solution. Morphine is precipi- 
fro ith lime and ammonium chloride. . The, crude product 
is washed with benzene and converted into the hydrochloride with HCl. It is 
recrystallised from water. e free base may ‘be liberated from an aqueous 
solution of its salt with ammonia. Opium contains about 10% of morphine on 
erage. ঢু 3 i 

i AW onohydric crystals (m.p. 254°) of morphine are very slightly 
soluble in water and cold alcobol but unlike most alkaloids, dissolve in. 
alkalis. Morphine has a phenolic -OH, a -CH, linked to nitrogen, and 
a secondary alcobolic -OH group. It is a tertiary, mono-acid 
base and forms crystalline salts with acids. The sulphate, 
M.H,S0,+5H,0, and the hydrochloride, M.HCL+8H,0, (M = mor- 

2) |] It is leevo-rotatory, [e]Jo = —181° in metha-- 


phine) are soluble in water. 
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This constitution of citral has been confirmed by various syntheses. 


OHC—C-H H-C-CHO 
i 
CH,-C-GC,H CH,-C—-C.H 
a-Citral (geranial) * §-Citral (eral) 


Treated with dilute H,SO, and KHSO,, citral loses Wa 


-cymene (p. 884). ‘ Both «- and B-citral boil at 118° 
pressure. 


Geraniol, C,H,,OH, a Primary alcohol, occurs in 
in the oils of geranium, rose, citronella and lemon 
Cis stereoisomer, is found in neroli oil and bergamo 
rose-like odour and are used as perfumes. 
attractant (into traps). Citral on reducti 
H.SO, converts both geraniol and nerol int 
and terpene hydrate, nerol much more r 
readily loses water and forms dipentene, 


(CH,).C= NE ELE SECH. 


HCCH,.OH HOH,C.C.H 

Geraniol (trans) Nero] (cis) 
(b.p. 230°) (b.p. 225°) 
Linalool, (CH,),.C= CH.CH..CH,.C(CH,)OH.CH=CH 


alcohol (b.p. 198°), is isomeric with Seraniol and nerol; it 
of linaloa, a Mexican Wood, and oil of lavender. 


Dipentene, dl-limonene, Ci sH, the. most imp 
terpene, is a dimer of isoprene. Natural rubber 
tion, yields about 10% of dipentene 
the main product of distillation. Dipentene 
Pyrolysis. Pinene, main constituent of 


ter and gives 
under 20 mm 


Varying amounts 

Brass. Nerol, its 
toil. Both have 
Geraniol is a useful insect 
On gives geraniol. Dilute 
0 Cyclic terpenes, «-terpineol 
apidly than Seraniol. Nerol 
a cyclic hydrocarbon. 


(CH,).C= CH.CH..CH,.C.CH, 


2 @ tertiary 
Occurs in oil 


with H.SO,, feraniol forms dipentene by cyclization. By ESTEE 
Diels-Alder reaction, isoprene can be dimerized to dipentene: y 
ES CH, 
R্‌ 
VA 
H.C CH 300: H.C (0 CH 
FC A GH H.C J) ত 
Non CH 
C 3 ¢ 
CH,/ Non, H,C/ Non. 
Isoprene Dipentene (dl-limonene) 


Limonene has a pleasant, citrus-like odour ; 
lemon, bergamot, and orange oils; [-] ] 


SYmmetric and 
ene boil at 177° 
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have [a]Jo = £125°. The presence of isoprene or isopentane units, 
C 


| 
C-C-C-C, in terpenes, e.g., limonene, has led to the “isoprene rule”; 
‘even complex terpenes can be hypothetically constructed from such 
units and any deduced structure of this type which does not obey the 


Tule, is suspected. ~ 


2 G 
0) / ত) 
Cc ে 
| 24 
CH,=C-CH, | 
Limonene C-C-C 


Menthone, C,oH;,,0, occurs in d- and l-forms in some essential 
oils, l-menthone is found in peppermint oil and d-menthone in penny- 
royal oil. Both are liquids (b.p. 207°) having peppermint odour. 
Menthol, the main component of oil of peppermint, is a secondary 
alcohol which gives menthone, a ketone, on oxidation with K.Cr,0; 
and H,S0.. Menthone forms menthol on reduction with sodium and 


ethyl alcohol. I-Menthone has [alo = 20°; it was synthesised long 
before it was first found in Russian peppermint oil. 
TS CH, 
CH CH 
H.C {(N CH, 0 HE ) CH, 
H.C CHOH H H.C ) CO 
CH Mo 
| 
CH(CH,): CH(CH,), 
Menthol Menthone 


Menthone bas two asymmetric C atoms (in thick type) and should 
exist in four active forms; the Lisomer occurs more abundantly in 
nature. 

I-Menthol, C,oFL,OH, the most important component of pepper- 
mint oil, is a solid (m.p. 48°) secondary alcohol. It was known and 
used in Japan. some 2000 years ago. Menthol is commercially made 
from peppermint oil by cooling, pressing, and recrystallising. It has 
8 asymmetric C-atoms and should exist in 8 isomeric forms ; l-menthol, 
the naturally occurring isomer, ls widely used as an antiseptic, and 
stimulant. It is used in nasal sprays, gargles, toilet creams and oint- 
ments. It relieves headache in colognes. Synthetic menthol (dl) is 
made by catalytic hydrogenation of thymol (p. 898). Menthol forms 
needles and has a pleasant peppermint odour and a cooling taste. 
HI reduces it to hexahydro-p-cymene and chromic acid oxidises it to 
menthone. 


a«-Terpineol, C,HUOH, is a colourless, solid (m.p. 85°) tertiary 
monohydric alcohol, widely found in nature in d-, l- and dlforms. 
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It is a component of petitgrain, neroli, cardamom, cajuput and 
marjoram oils. Terpin, C,oHzo0s, a dihydric tertiary alcohol, on 
dehydration with mineral acids, forms u-terpineol. Limonene takes 
up a. mol. of water in presence of dilute H,S0, and passes on to 
a-terpineol. Industrially, «-pinene, C,H, of turpentine oil is hydrated 
to terpin and then dehydrated to a-terpineol with phosphoric acid. 
Turpentine, on steam-distillation, yields oil of turpentine and a non- 
volatile residue called colophony. 


Es ES CH; 
Cc C-—-OH G 
LS gL. UEC CH, Ho B.C/ NE 
HC Men 3 ( | ক | 
Ue HS0. HC /CH, HO, HC CHE, 
HCC: CH. CH C—H 
১X HiC—-C—CH, H,C-C-CH, 
a-Pinene OH | 
Terpin or 


টড }; a-Terpineol 
Three other structural isomers having the -OH roup in C., viz 
1 "st 


terpineol-1, B- and Y-terpineol, are also formed খে 
smaller amounts. Commercial terpincol is a ন OY 
isomers. Having the odour of lilac, it is largely. 2 ন চী ত ee 


fumes. Heated with KHSO,, o-terpineol tf ত 
by dehydration. * ks ormt dipentene, C,H 


075316? 
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Absolute alcohol, 89. 

Acenaphthaquinone, 441. 

Acenaphthene, 441. 

Acetal, 129; acetals, 129, 130. 

Acetaldehyde, 68, 77, 93, 126, 149, 190. 

Acetaldoxime, 129. 

Acetamide, 164, 165, 218. 

Z-Acetaminophenetole, 390. 

Acetanilide, 355, 357. 

Acetates, 151. - ন্ট 

Acetic acid, 95, 130, 148; glacial, 150. 

Acetic anhydride, 163. 

Acetic ether, 171. 

Aceto-acetic acid, 196; ester, 197. 

Acetobromamide, 166, 203. 

Acetone, 134, 158. 

Acetone mercaptol, 224. 

Acetonitrile, 166, 217. 

Acetophenone, 405. 

Acetoxime, 138. 

Acetoxyl group, 162. 

Acetylacetone, 243. ' 

‘Acetyl chloride, 152, 161, 171; cyanide, 
195; urea, 296. 

Acetyl, estimation of, 162. 

Acetylation, 162. 

Acetylene, 64, 69, 81. 

Acetylene dibromide, 67; tetrabromide, 
67; tetrachloride, 66. 

Acetylenes, 56, 64, 69. 

Acetylides, 67. . 

Acetyl glycollic acid, 188. 

B-Acetyl propionic acid, 199. 

Acetyl salicylic acid, 418. 

Agar, 272. 

Ald amides, 160, 165. 

Acid anhydrides, 160, 163. 

Acid bromides, 163; chlorides, 160. 

Acid dyes, 374, 

Acid iodide, 163. 

Acid sodium acetate, 57. 

Acids, fatty, 144. 

‘Acidity of carboxylic compds., 152. 

Aconitic acid, 261.. 

Acrolein, 114, 234, 236. 

a-Acrose, 114, 131, 280. 

Acraldehyde, 236. 

Activin, . 

Acrylic acid, 69, 189, 236. 

Acyl chlorides, 160; group, 160. 

Addition reaction, 58, 127. 

ine, 300. 

যা acid, 239, 243, 245, 246; ester, 
246. 

Adjective dyes, 377. 

Adrenaline, 469. 

Aiowan oil, 393. 

Alanine, 185. 


Albumins, 302. 

Alcohol, 87; absolute, 89. 

Alcoholic beverages, 90. 

Alcoholometry, 91. 

Alcoholysis, 171. 

Aldehydes, 124, 134, 231; aromatic, 400. 

Aldehydic acids, 199. 

Aldol, 132: condensation, 132. 

Aldo-hexose, or aldose, 272. 

Aldoximes, 129. 

Alicyclic compds., 309. 

Aliphatic compds., 39, 
compds., 369. 

Alizarin, 447; green, 449, orange, 449. 

Alkali blue, 428. 

Alkaloids, 467. 

Alkathene, 60. 

Alkyd resins, 244. 

Alkyl amines, 165, 202 

Alkyl carbimides, 220. 

Alkyl cyanides, 217. 

Alkylene halides, 76; radicals, 48. 

Alkyl halides, 71, 75. 

Alkyl isocyanates, 220; isocyanides, 218. 

Alkyl isothiocyanates, 221. 

Alkyl nitriles (see alkyl cyanides). 

Alkyl pyridines, 458. 

Alkyl sulphides, 224. bh 

Alkyl sulphonic acids, 50, 225. 

Alkyl thiocyanates, 222. 

Allo-cinnamic acid, 422. 

Alloxan, 298. 

Allylene, 69. 

‘Allyl alcohol, 115, 234; chloride, 235; 
iodide, 235; isothiocyanate, 221, 

_ Sulphide, 235. 

Allylethylamine, 457. 

Amatol, ammonal, 350. 

Amber, artificial, 392. 

Amides, 160, 165. 

Amido-phenol, 348. 

Amines, aliphatic, 202; aromatic, 351; 
basic nature of, 209. ৰ 

Amino-acetic acid, 183. 

Amino-acids, 182. 

Amino-azo-benzene, 370. 

Aminobenzene, 352. 

-Amino-benzenesulphonamide, 356. 

P-Aminobenzenesulphonic acid, 357. 

9-Aminobenzoic acid, 414. 

Aminonaphthalenes, 438. 

Amino-propionic acid, 185. 

Aminotoluene, 362. 

Ammonium carbamate, 265. 

Ammonolysis, 171. 

Amphi-naphthaquinone, 441. 

Amygdalin, 400. 

Amyl alcohols, 95, 97. 


41; diazo- 


oT INDEX 


Amyl nitrite, 173. 
AMY ase 88, 290. 
Amylene, 61. 
Amylose, 289. 
Amylopectin, 289. 
SAE ডট 
ethole, i 
BEE, 163; mixed, 163. 
Aniline, 352. 
Aniline blue, 428; salt, 354. 
Animal starch, 290. 
Anisic a0; ই 418. 
nisole, 383, 3 
VRE 318, 424, 443; dichloride, 
445: oil, 318; picrate, 443. 
Anthranilic acid, 414. 
Anthranol, 446. 
Anthraquinone, 446. 
Anthrol, 446. 
Anthrone, 446. 
Antifebrin, 357. 
Arabinose. 282. 
Arbutin, 394. 
Arginine. 185. 
Argol, 254. 
Aristol, 393. 
Armstrong's centric formula, 323. 
Arsines, 227. 
Artificial silk, 293. 
Ascorbic acid, 278. 
Aspartic acid, 185. fl 
Aspergillus, oryzee, 89; niger, 261. 
Aspirin, 418 
Asymmetric carbon 
synthesis. 260. 
Atebrin, 474. 
Atomic structure, 31. 
Atophane, 196. 
Atoxyl, 357. 
‘Atrovine, 472. 
Auramine, 429. 
Aurin. 429. 
Autoxidation, 341. 
Auxochrome, 374. 
Azeotrovic mixture. 89. 
Aziminobenzene, 360. 
Azo-benzene, 347, 372. 
Azo-compds., 372: dves, 374. 
Azoxybenzene, 347, BT2; 
Azulmic acid, 213. 


atom, 193; 


Baeyer's centric formula, 323; 
theory, 60, 311; test, 59. 
Bagasse, 283. 
Backelite, 125, 387. 
Bamberger’s formula, 434. 
Barbituric acid, 243, 267, 296. 
Barley sugar, 284. 
Bases, organic, 202; 
mol. wt. of, 29. 
Basic dyes, 374. 


Strain 


vegetable, 467; 


Beckmann's apparatus, 26, 27; 
transformation, 407. 

Beer, 91. 

Bees-wax, 175. 

Beet-sugar, 283. 

Benzal chloride, 329, 339, 343. 

Benzaldehyde, 400. 

Benzaldehyde green, 426. 

Benzaldoximes, 402. 

Benzamide, 413. 

Benzene, 68, 319. 

Benzene dicarboxylic acids, 419. 

Benzene disulphonic acids, 321, 38t. 

Benzene hexachloride; 320. 

Benzenesulphinic acid, 381. 

Benzenesulphonamide, 381. 

Benzenesulphonic . acid, 315, 321, 380. 

Benzenesulphony1 chloride, 381. 

Benzenesulphonanilide, 381. 

Benzeny] chloride, 329. 

Benzhydrol, 406. 

Benzidine, 373; conversion, 373. 

Benzil. 403. 

Benzilic acid, 403. 

Benzine, 319. 

Benzobromamide, 353. 

Benzocaine, 414. 

Benzoic acid, 411. 

Benzoic anhydride, 4 

Benzoin, 403- c. 

Benzoline. 319. 
enzonitrile, 414. 

Benzophenone, 406. 

7- & 0-Benzoquinone, 395, 407, 408. 
Benzotrichloride, 329, 343. 
Benzoylation, 413. 

°-Benzoylbenzoic acid, 444. 

Benzoyl chloride, 412: Deroxide, 413. 

Benzoylformic acid, 423. Ee 

Benzoylglycine, 183, 411. 

Benzpinacol, 406. 

Benzyl alcohol, 398. 

Benzylamine, 362, 414. 

Benzvl chloride. 329: 342; cyanide, 
340. 342; radical, 329. 

Benzylideneaniline, 355. 404. 

Benzyvlidene chloride, 329, 343. 

Bergius?’ process, 54. 

Betaine. 183. 

Betol. 418. 

Biebrich scarlet, 376. 

Bismarck brown, 375. 

isulphite compds., of aldehydes, 127; 
.of ketones, 138. 

Biuret, 266: reaction, 266, 306. 

Blasting gelatin, 116, 292. 

Blomstrand’s formula, 366. 


Boiling Point, determinat; ডু 
meas rmination of, 10: 


Bouveault- Blan 
Brandy, 90. 


Brazier-Schryver method, 308. 


13; esters, 415, 
ondensation, 403. 


¢ method, 171, 400. 
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British gum, 290. 
Bromal, 134; hydrate, 134. 
Bromo-acetylene, 81. 
Bromo-anilines, 359. 
Bromobenzene, 341, 367. 
0-Bromobenzyl bromide, 444. 
Bromo-ethylene, 81. 
Bromoform, 79. E 
B-Bromopropionic acid, 181, 
Brucine, 474. 
Bucherer reaction, 438. . 
Buna, 63. 
Butadiene, 
Butane, 45, 47, 73; 
47, 49. 
Butane 
Butanol (see 
Butine, 69. 
Butter yellow, 376... 
Butyl alcohols, 97; iodide, 75. 
Butylenes, butenes, 61 
Butylene oxide ring, 285. 
Butylicus bacillus, 154. 
Butyraldehyde, 1354, 
Butyric acids, 154, 157. 
Butyric fermentation, 154. 
y-Butyro-lactone, 


63: dimethyl, 63. 

iso-, 47; normal, 
tetra-carboxylic ester, 243. 
butyl alcohol). 


‘acodyl, 227. E 
Eeedl chloride, 228; oxide, 228. 


dylic acid, 228. 
CR dialkyls, 233. 


Caffeine, 299. 


Calcium acetate cove, 2. Hy 
Camphor, intcacture of, 178. 

Cane SLE?’ reaction, 130, 398, 403, 
ic 5 sr aldehyde, 134. 


Caproic acid, 


Caprylic acid, 155, 154 
Caramel, 284 
Carbamic acid, 265. 
Carbamide, 
Carbazole, 
Carbine 
Carbinol, 04. 
‘bohydrates, 271. 
en acid, 318, 386; oil, 318. 
(Carbon, detection of, 12; estimation 


of, 14; YE ETY of 
Nn SUbOXIde, 282. 
Sn tetrachloride, 43, 80. 
Carbonic acid, 264. 
‘Carbonisation of coal, 318. 
Carbonyl chloride, 79, 161, 264. 
‘Carboxy-methyl-cellulose, 293. 
Carboxylic acids, aromatic, 410; fatty, 
144. 
Carbylamine reaction, 79, 218. 
Carbylamines, # 
Carius’ method of estimation, 19. 


Carnauba wax, 175. 

Carvacrol, 393. 

Castor oil, 176. 

Catecnol, 393. 

Catechu, 393. 

Celotex, 283. 

Cellobiose, 273. SL 

Cellophane, 293. 

Celloslove, 109. 

Celluloid, 292. 

LR 291; acetate, 294; nitrate, 

Ceryl alcohol, 97. 

Cetyl alcohol, 97; palmitate, 175. 

Chelate rings, 147. 

‘Chloral, 93, 133; 
hydrate, 134. 

Chloramine T, 416. 

Chloranil, 387, 408. 

Chloretone, 140. 

Chlorhydrins, 60. 

Chloro-acetic acids, 152, 181, 182. 

Chloroacetanilides, 359. 

Chloro-acetophenone, 406. 

Chloroacetyl chloride, 188. 

Chloro-anilines, 359. 

Chlorobenzene, 339, 340, 367. 

Chloro-butyric acids, 180. 

Chlorocaffeine, 299. 

Chloroform, 43, 77, 139. 

Chloroformic ester, 265. 

Chloro-naphthalenes, 437. 

Chloro-picrin, 391. 

Chloroplatinates, 29. 

Chloroprene, 63. ৰ 

a-Chloropropionic. acid, 159. 

Chlorosuccinic acid, 253. 

Chlorotoluenes, 329, 342. 

Cholesterol, 177. 

Chromatographic methods, 9. 

Chromogen, 374. 

Chromophores, 374. 

Chromoproteins, 303. 

Chrysoidine, 375. 

Cider, 90. 

Cinchomeronic acid, 459. 

Cinchona alkaloids, 473. 

Cinchonine, 474. 

Cinnamic acid, 421; aldehyde, 403, 422. 

Cis-trans isomerism, 237, 250, 251, 

Citraconic acid, 251. 

Citral, 477. 


alcoholate, 134; 


deCitric acid, 260. 


aisen's condensation, 197; reaction, 
404. 

SS of organic compds., 39, 

Claus’s formula for benzene, 323. 

Clemmensen’s reduction, 137. 

Coal, destructive distillation of, 316: 
LOST ES carbonisation of, 
18. 

Coal gas, 316; tar, 316. 
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Cocaine, 472. 
COLES 2 

Coke, b 

Collidines, 458. 

Collodion, 292. 

Colophony, 480. 

Colour and constitution, 374. 
Condensation reactions, 139, 197. 
Congo red, 376. 

Coniine, 469. 

Conjugated double bonds. 324. 
Co-ordinate covalency, 36. 
Copper acetylide, 67; glycine, 184. 
Copper-zinc couple, 42. 

Cordite, 292. 

Corn sugar 274. 

Coumarin, 422. 

Covalent bond, 34. 

Cracking of petroleum, 54. 
Cream of tartar, 255. 

Creolin, 392. 

Creosote oil, 318. 

Cresol methyl ether, 392. 
Cresols, 318, 391. 

Cresylic acids, 392. 
Crotonaldehyde, 132, 236. 
Crotonic acid, 237. 

Croton oil, 237. 

Crotonylene, 69. 

Crum-Brown d Gibson rule, 330. 
Cryoscopic method, 25. 

Crystal violet, 429. 
Crystallisation, 4; fractional, 4. 
Cumene, 387. 

Cyamelide, 219-20. 

Cyanhydrins, 128, 138. 

Cyanic acid, 219. 

Cyanides, metallic, 216; alkyl, 217. 


Cyano-acetic acid, 180, 186; ester, 186. 


243. 
Cyano-fatty acids, 180, 186. 
Cyanogen, 213; compounds, 213. 
Cyanopropionic ester, 244. 
Cyanuric acid, 220. 
Cyclobutane, 63, 312. 
Cyclobutyl carboxylic acid, 310. 
Cyclohexane, 63, 310, 313, 320. 
Cyclohexanehexol, 314. 
Cyclohexanol, 310, 313. 
Cyclonite, 128. 
Cyclo-octatetraene, 325. 
Cycloparaffins, 63, 309. 
Cyclopentane, 63, 312. 
Cyclopentanone, 310. 
Cyclopropane, 63, 312 
Cymene, 334. > 
Cymogene, 53. 
Cyanamide, 220. 


D. D. T., 344. 
Dative valency, 37. 
Decahydronaphthalene, decalin, 435. 


Desmotropism, 198. 

Dextran, 294. 

Dextrin, 273, 290. 

Dextrose, 273. 

Dextro-tartaric acid, 254. টি 

Diaceto-ethyl acetate, 198; succinate 
199. 

Diacetoneamine, 138. 

Diacetonyl alcohol, 140. 

Diacetyl, 143. 

Diacetylenes, 69. 

Dialdehydes, 442. 

Diallyl, 69. 

Diaminobenzenes, 359. 

7%’-Diamino-diphenyl, 373. 

Diamyl ketone, 141. 

Dianthracene, 443. 

Diastase, 89, 290. 

Diazo-acetic ester, 369. 

Diazoamino-benzene, 370. 

Diazobenzene chloride, 365; perbro- 
mide, 368: hydrogen sulphate, 365. 

Diazo-compds., 365: aliphatic, 369. 

Diazo-methane, 369. 

Diazo-reaction, 365. 

Diazonium, salts, 366. 

Dibasic acids, aromatic. 419; saturated. 
239; unsaturated, 248. 

Dibenzyl, 342. 

Dibromanthraquinone, 448. 

Dibromosuccinic acid, 256. 

Dichloroacetic acid, 151, 182. 

Dichloroanthracene, 445. 

Dichloro-diphenyl-trichloroethane 344: 

TPichlorobenzene, 343. k ff 
‘-Dichloro die i 

Dichloroethane, Te RO 05s 

Dichloropropane, 139. 

Dicyanogen, 213. 

Diel- Alder reaction, 251. 

Diethyl, (see butane). 

Diethyl disulphide, 224. 

Diethyl ether, 118. 

Diethyl ketone, 141. 

Diethyl phosphinic acid, 226. 

Diethyl sulphate, 172. 

Diethylene glycol, 112. 

Difluoro-dichloro-methane, 80. 

Dihydric alcohols, 108: phenols, 393. 

Dihydro-anthracene, 443, 444. 

Dihydroxy-acetone, 114. 

Dihydroxyanthraquinone, 447. 

Dihydroxy-benzenes, 393. 

Dihvdroxy-benzoic acid, 418. 

2 3 6-Dihydroxy-purine, 298. 

-Dihydroxy-toluene, 394. 

Di-iodo-acetylene, 81. 


1-isSopropyl ket g 
Diketene 136° PERT 


Diketones, 142. 


Dimethyl, (see ethane). 
Dimethylacetamide, 207. 
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Dimethylamine, 206, HL 213 
Dimethylaminoazobenzene, 368. 
Dimethylaniline, 361. 


Dimethyl arsenic oxide, ie 7 
Dimethyl benzenes (see xylenes). 
Dimethyl butadiene, 63. 
Dimethyl carbinol, 84. 

Dimethyl ether, 122. 

Dimethyl ethyl methane, 49. 
Dimethyl ethyl carbinol, 94. 


Dimethyl ketone, 135, 141. 
Dimethylnitrosoamine, 207. 


Dimethyl oxamide, 210; oxamic ester, 


210. 
Dimethyl sulphate, 172. 
3: 7-Dimethyl xanthine, 299. 
B-Dinaphthol, 440. 
Dinitraniline, 349. 
m-Dinitrobenzene, 348. 
Dinitrobenzoic acid, 415. 
Diolefines, 63 
Dioxan, Ill. 
Diphenic acid, 450. 
DBE ne 5 চা 
Diphenyl, 321, k 
Dibhenyl-dinaph 1 allene, 314. 
Diphenyl dicarboxylic acid, 450. 
Diphenylamine, 
Diphenyl ether, 383, 
425. 
Diphenyl ketone, 406. 
Diphenylmethane, 425 
Diphenylnitrosoaming, 363. 
Divhenyl thio-urea, 355. 
Dippet's Oi FS oy 
ipropargyl , 322. 
DfBroByl Ether. 122; ketone, 141. 
Direct dyes, 77. 
Disaccharides, 272, 282. 
Disodium glycollate, 188. রি 


42 
th 


389; ethylene, 


Distillation 3 fractional, steam, 
8, 352; in vacuum, 7. A 

Distillation of coal, 316; coal-tar, EY 
wood, 85. ৰ 

Double bond. 60: linkage, 61. 

Drying OLS, 

De method for nitrogen, 16; for 
vapour density, 

Dutch liqud 5 

-base, k A fl 

Des ET adjective, 377; direct, 
377; ingrain, 377; vat. 377. 

Dynamic isomerism, 198 

Dynamite, 

Earth oil, 50. 

Ebullioscopic method, 27= 

Ecgonine, * 

Elaidic acid, 238. 

Electronic formula for benzene, EXD 
methane, 35: ethylene. 35; acetylene, 


35. 
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Electronic theory of valency, 33. 

Electro-valency, 33. 

Elementary analysis, 12. 

Emetine, 475. 

Empirical formula, 22. 

Emulsin, 214. 

Enantiomorphous crystals, 259. 

Enols, 197. 

Enzymes, 88. 

Eosin, 431. 

Ephedrine, 468. 

Epinephrine, 469. 

Erlenmeyer's formula, 433. 

Erepsin, 307. 

Erythrosin, 431. 

Essence of mirbane, 347. 

Essences, artificial, 170. 

Essential oils, 175. 

Ester, 92. 

Esters, 168; of inorganic acids, 172. 

Ptard’s reaction, 401. 

Ethanal, 124, 126. 

Ethane, 39, 44, 46, 73. 

Ethane tetracarboxylic acid, 242. 

Ethanol, 84. 

Ethanolamine, 111. 

Ethene, 56. 

Ether, 74, 118; peroxide, 121; 
phuric, 121. 

Ethereal salts, 168. 

Ethers, 118, 122; 
118. 

Ethine, 69. 

Ethyl (see lead tetracethyl). 

Ethyl acetate, 92, 132. 151, 162, 169. ! 

Ethyl aceto-acetate. 196. 

Ethyl acetylene, 69. ‘ 

Ethyl alcohol, 59, 87, 174, 21g te 1 

Ethylamine, 74, 171. 174, 204, 220. 

Ethylbenzene, 327. 328. 

Ethyl benzoate, 415. 

Ethyl bromide, 60. 72, 75; carbamate, 
265: carbonate, 265; chloride, 45, 175; 
120, 168: cyanide, 74, 217: iodide, 
59, 73, 120; isocyanate. 204, 220; 
isocyanide, 74, 219: sulphide, 225. 

Ethyl glycollate, 188. 

Ethyl hydrogen sulphate, 59, 172. 

Ethyl hydrosulphide, 74, 

Ethyl magnesium iodide, 75. 

Ethyl malonate, 241. 

Ethyl malonic acid, 242. 

Fthyl mercaptan, 74, 223. 

Ethylmethyl (see propane). 

Ethylmethylacetoacetic ester, 

Ethvyl-methylbenzene, 328; 
benzene, 328. 

Ethylmethyl malonic ester, 242. 

Ethylnaphthalenes, 436 

Ethyl nitrate, 173; nitrite, 173. 

Ethylene, 56. 

Ethylene bromide, 60, 77; chloride, 


sul- 


simple and mixed, 


198. : 
isopropyl- 
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6; chlorhydrin, 60, 111; cyanhy- 
J! 195; dibromide, 77; dichloride, 
109, 110, 111; ozonide, 59. 9 . 
Ethylene glycol, 59, 108; lactic acid, 
| {54 


lene oxide, 110. E 
ESS bromide, 60, 67; chloride, 
77: diphenyldiamine, 355. 
Etox, lll. 
Eugenol, 405. 
* Euquinine, 474. 


Farina, 289. ই 

Fats, 175; hydrolysis of, 
thetic, 177. 

Fatty acids, 144, 157, 199; higher, 
155. 


Fatty acids, 
180, 187. 
Fenton's reagent, 258. 
Fermentation, 87, 113, 136; butyric, 
154; lactic, 189; of Sugars, 285, 287. 
Fernbach’s bacillus, 136. 
Fire-damp, 41. 
Tischer-Speier method, 415. 
Vischer-T'ropsch Process, 54. 
Pittig’s method, 327. 
Flash point, 52. 
Fluorescein, 430. 
Fluorene, 425. 
Fluoroform, 80. 
Formaldehyde, 43, 44, 124, 148. 
Formalin, 125. 
Formamide, 165, 215. 
Formic acid, 80, 144, 156-7, 215. 
Formose, 131. 
Fractional crystallisation, 4; distilla- 
tion, 6. 
Fractionating columns, 6. 
Free radical, 426; mechanism, 99. 
Freezing-point method, 25. 
Freon, 80. 
Friedel-Crafts’ reaction, 327, 405. 
Fructosazone, 279. 
Fructose, 88, 278. 
Fruit-sugar, 278. 
+» Fuchsine, 427. 
Fulminate of mercury, 220. 
Fulminic acid, 220. 
Fumaric acid, 248-50. 
Functional group, 48. 
Furfuralcohol, 453. 
Furfuraldehyde, 273, 453. 
Furan or furfurane, 452. 
Furfural, 273, 453. 
Furil, 453. 
Furoin, 453. 
Fusel oil, 90. 


derivatives of, 160, 168, 


Galactan, 281. 
Galactose, 281. 
Galalith, 125. 
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Gallic acid, 395, 418. 
Gammexane, 320. 
Gasoline, 53. 
Gattermann’'s method, 367. 
elatine, 308. be 

GEE] isomerism, 237, 250, 337. 
Geranial, 478. 
Geraniol, 478. 
Glacial acetic acid, 150. 
Gliadins, 302. 
Globulins, 302. i 
Gluconic acid, 275, 281. 
Glucosates, 277. 

273. 


UCOSazO 
177; syn- se 89, 273, 281. 
lucosides, 274, 276. 


Glucosone, 281. 

Glutamic acid, 185. 

Glutaric acid, 247; anhydride, 247. 

Glutelins, 302. 

Glyceric acid, 114; aldehyde, 114, 

Glycerides, 112. 

Glycerol, glycerine, 112, 155, 

Glycerol chlorhydrin, 114; dioxalin, 
234;  monoformin, 146;  mono- 
oxalate, 145; trichloride, 114, 113; 
tri-iodide, 235; trinitrate, 116. 

Glycine, 183; ammonia, 183. 

Glycocoll, 183. 

Glycogen, 290. 

Glycol, 77, 108; acetate, 108. 
lycollic acid, 110, 187, 200. 
aldehyde, 110. ji 
lycoproteins, 303. 

Glyoxal, 111. 

Glyoxalic acid, 110. 

Grape-sugar, 273. 
rease, 51. 

Green oil, 318. 

Grignard reagent, 
uses of, 230. 

Guaiacol, 

Guanine, 300. 

Gum benzoin, 315; .411, 

Gun-cotton, 292. 


240; 


74, 230; synthetic 


Haloform reaction, 139. 
Halogen carriers, 320, 329. 
Halogens, detection of, 13; 

tion of, 19. 
Halogenated fatty acids, 180, 182. 
Halogeton, 240. 

ammick: and Illingworth's 
Hardening of oils, 176. 
Hard. Soap, 177. 
Harries’ formula, 434. 
Heavy oil, 318. 

elianthin, 376. 
Hell-Volhard-Zeolinshy reaction, 181. 
Hemiacetal, 130. 
Heptane, 46. 
Heptanone, 135. 


estima- 


rule, 330. 
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Heptylic acid, 157, 277. 

Heroin, 476. 

Heterocyclic compds., 243, 309, 452. 

Hexadecane, 46. 

Hexachloroethane, 80. 

Hexahydrobenzene, 63, 310, 320. 

Hexahydroxy-benzene, 382. 

Hexaline, 313. 

Hexamethylene, 63, 313. 

Hexamethylene tetramine, 128. 

Hexamine, 128. 

Hexaphenylethane, 426. 

Hexane, 46. 

Hexoses, 272. 

Hexyl alcohol, 95. 

Hinsberg’s method, 211. 

Hippuric acid, 183, 4ll. 

Histones,. 302. 

Hofmann's 
density method, 
reaction, 222; me 
of amines, 210. 

Homocyclic compds., 309. 

Homologous series, 45; 
ascent in, & 

Homophthalimide, 462. 

Hydracrylic acid, 195. 

Hydrazones, 129, 139. 

Hydro-aromatic compds., 313. 

Hydrobenzamide, 403 


reaction, 203; vapour 
24; mustard oil 
thod of separation 


descent and 


Hydrocarbons, alicyclic, 309; alipha- 
tic, 41; aromatic, 315; saturated, 
41; unsaturated, 56. 

Hydrocyanic acid, 214. A, 

Hydrogen, detection of, 12; estimation 
of, 14; bonding, 37. 

Hydrogenation of oils, 176. 

Hydrogenated naphthalenes, 435. 


Hydrolysis. 171 
Hydroquinone, 394. 
Hydroxyacetic acid, 187. 
Hydroxy-acids, 187. 
Hydroxy-anthracenes, 446. 
Hydroxyanthraqguinone, 447. 
p-Hydroxy-azo-benzene, 366, 368. 
Hydroxybenzaldehyde, 404. 
Hydroxybenzene, 386. 
Hydroxybenzoic acid, 417. 
Hydroxybutyric acid, B-, 159, y-,189. 
v-Hydroxycinnamic acid, 422. 
Hydroxy-ethylamine, lh (2 
B-Hydroxyindole: 463. 
Hydroxy-polybasic acids, 252. 
Hydroxy-propionic acids, 189, 195. 
Hydroxy-succinic acid, 252. 
Hydroxy-toluenes, 

Hydroxy-quinol, 

Hypnone, 406. 

Hypoxanthine, 300. 

Hystazarin, 

Ignition point, 52. 


Imino-group, 202. 
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Indican, 464. 

Indigo, 464. 

HOES carmine, 465; white, 465; blue, 
5s i 

Indigotin, 465. 

Indole, 462. 

Indophenin reaction, 319. 

Indoxyl, 463. 

Indoxylic acid, 466. 

Ink, 419. 

Inner ethers, lll. 

Inositol, 314. 

Insulin, 274. 

Inulase, 290. 

Inulin, 278, 290. 

Inversion of cane-sugar, 284. 

Invertase, 88. 

Invert-sugar, 284. 

Jodo-acetic acid, 181-2. 

lodal, 134. 

Jodine value, 176. 

Jodobenzene, 339, 341; dichloride, 341. 

Jodoform, 79, 93; test, 80, 141. 

Jodophenol, 385 

Jodol, 456. 

Iodosobenzene, 341. 

Todoxybenzene, 341. 

Ionic bond, 33; mechanism, 

Isatin, 464; chloride, 465. 

Isatogenic acid, 464. 

Isoamyl alcohol, 90, 91, 95. 

Isobutane, 47. 

Isobutyl alcohol, 95; carbinol, 90. 

Iso-buiyric acid, 154. 

Iso-citric acid, 262, 263. 

Iso-crotonic acid, 237. 

Isocyanates, 


101. 


Isocyanide reaction, 79, 218. 
Isocyanides, 218. 
Iso-electric point, 184, 306. 


Iso-eugenol, 405. 
Isomerism, 46, 336;  cis-trans, 237, 


250-51, 337; dynamic, 198: geome- 
trical, 237, 250; keto-enol, 198; 
optical, 191, 337; stereo-isomerism, 
191, 337. 

Isomerides, 46; isomers, 46. 

Jsonicotinic acid, 459. 

Tsonitroso-acetone, 139; oxindole, 464. 

Isopentane, 49. 

Isophthalic acid, 333, 420. 

Isoprene, 63. 

Isopropyl alcohol, 96, 115; bromide, 
TS; chloride, 75; iodide, 75, 115. 

Iso-quinoline, 462. 

Iso-succinic acid, 245. 

Isothiocyanates, 221-22. 

Isothiocyanic acid, 221. 


Kekulé’s formula for benzene, 323; 


for diazo-compds., 365 
Kerosene, 53. 
Ketene, 136. 
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Keto-enol En OTE, Les 
-hexoses, ই 

REC EL aliphatic, 124, 134, 2 
aromatic, 405; simple, 135; mixed, 
135: 

Ketonic acids, aliphatic, 195. 

B-Ketonic esters, 198. 

Ketoses, 272. 

Ketoximes, 139. 

Kjeldalud’s method, 18. 

Kolbe’s reaction, 385, 417. 

Aodrner’s method of Orientation, 334: 
formula for Pyridine, 457. 


Lactase, 287. A 

Lactic acid, 154, 189; anhydride, 190. 
Lactide, 189, 190. 

Lactic bacilli, 190; fermentation, 190. 
Lactone, 189. 

Lactose, 287. 

Ladenburg’s Prism model, 323. 
Lawsone, 441. 

Levo-tartaric acid. 256. 

Levulinic acid, 199. 

Levulose, 278. 

Lakes, 449. 

Lanital, 305. 

assaigne’s test for nitrogen, 12. 
Lead, sugar of, 152. 

Lead tetraethyl, 232: tetraacetate, 151. 
Le Bel-van’t Hoff’s theory, 193, 311. 
Leucine, 185. 
Leuco-base, 426. 

Liebermann’s reaction. 363, 385. 
Tnebig’s apparatus, 14. 

Light oil. 318. 
Ligno-cellulose, 292. 

imonene, 478. 
Linolenic acid. 238. 
“ Linoleum, 176. 

‘ Linolic or linoleic acid, 238. 
Linseed oil, 176 
Lipase, 177. 
Lipids, 175. 
Lithium alkyls. 233. 
Lubricating OU 53, 
Lunge’s nitrometer, 268. 
Lutidines, 458. 
Lyddite, 391. 
Lysol, 392. 


Magenta, 428. 
asnesium alkyl halides, 230. 
agnesium methyl iodide, 230. 

Malachite green, 427. 

® Maleic acid, 248, 250, 321; anhydride, 
248. 

4 Malic acid, 241, 252. 


4 Malonic acid, 186, 241; ester, 242. 
Malonyl urea, 296. 
Malt, 89. 


Maltase, 287. 


Maltose, 248, 290. 
Malt-sugar, 286; vinegar, 150. 
Mandelic acid, 260, 422, 
Mandelonitrile, 260. 
Mannitol, 279, 281. 
Mannonic acid, 281. 
Markownil-off’s rule, 62. 
Marmite, 308. 
Marsh-gas, 41. 
Martius’ yellow, 440. 
Meconic acid, 476. 
Melamine, 221. 
Melinite, 391. 
Mendius’ reaction, 205. 
Menthol, 479. 
Menthone, 479. 
Mercaptans, LD ke 22 
Mercaptides, 224. 
Mercavntol, 224. 
Mercerisation, 292. 
ercuric thiocyanate. 50 
Mercurochrome, 431. 
ercury fulminate. 220. 
€saconic acid, 251. 
Mesitylene, 130. 383 
esitylene carboxylic acid, 415. 
Mesitylenic acid, 333. 
esitv] oxide, 139. 
cSomerism, 324. 
Mesotartaric acid. 2 
EOE acid, 114. 
€soXalv] urea (See 
Meta chloral. 134: fe). 
eta-formaldehvy de. 130. l 
Meta-proteins, 303. 
Metaldehyde, 131. 
Metameric amines, ্‌ 
Metamerism, 123, 2023 gthers, 122. 
Metallic Ccyanides, 216. j 
Metals. detection of. 14. 
Methylacetamide. 204. 
Methane. 41, 46, 229-30. 
Methanal, 124 
Methanol. 85. 
Methoxybenzene (see anisole). 
Methoxybenzoic acid, 392. 


m-Methoxy-p-hyd roxybenzaldehyde, 
404. 


50, 256. 


Methy!1 acetylene. 69. 
ethyl acrylate, 237. 

Methylal, 129. 

Methyl alcohol, 85, 95, 211; 

Methylamine, 166, 184, 202, 215, 
ethylamine chloroplatinate, 206. 

Methylaniline, 360. 

Methylated ether, 119; spirit, 91. 

Methylbenzene (see toluene). 

Methyl benzoate, 415. 

Methylbenzoic acid, 416. 

Methy1 bromide, 75; chloride, 43, 75; 
cyanide, 166, 218, 219; iodide, 75. 
ethylbutylacetic acid, 280. 


Tami Baia 
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Methyl-diketo-pyrimidine, 199. 

UE. ethyl ether, 122; ketone, 14], 

Methyl glucosides, 276. 

Methyl hydrogen sulphate, 172. 

Methyl isocyanate, 166; isocyanide, 
204, 218-19. 

#-Methylisopropyl benzene, 334. 

Methyl isothiocyanate, 221. 

Methyl mercaptan, 223. 

Methyl malonic acid, 245. 

Methylnaphthalenes, 436. 

Methyl nitramine, 204. 

Methyl orange, 376. 

Methyl phosphine, 226; phosphinic 
acid, 226. 

Methylpyridines, 458. 

Methylquinolines, 461. 

Methyl salicylate, 418. 

Methyl sulphate, 172. 

Methylsulphonic acid, 221, 223. 

Methyl thiocyanate, 221. 

Methyl urethane, 220. 

Methyl violet, 429. 

Methylene, 56. 

Methylene aniline, 361; chloride, 43. 
76, 79; iodide, 76. 

Methyleneglycine, 184. 

HMichler’s ketone. 429. 

Micro-analysis, 20. 

Middle oil, 318. 

Milk-sugar, 287. 

Millon’s reaction, 306. 

Mineral oils, 50, 175. 

Mirbane, essence of, 347. 

Mixed amines, 202; anhydrides, 163; 
ethers, 118; ketones, 13. 

Molasses, alcohol from, 90; sugar 
from,. 284. | 

Molecular distillation, gf 

Molecular rotation. 193. 

Molecular wt., _ detn. of, 23; of 
organic acids, 28; of organic bases, 
29. 

Molisch’s reaction, 306. . 

Monobasic” acids, aliphatic 144. 

Monochloroacetic acid, 151, 18 

Monochlorobenzene, 339-41. 

Monoformin, glycerol, 46. 

Monohalogen derivatives of paraffins, 


1, 
R05 alcohols, 84, 95; phenols, 


2. 386. 
hyd fatty acids, 187. 
Monosaccharoses, 

Morphine, 4 5 
Motor fuels, 54. 
Mucic acid, 282. 


Mucor, 89. 
Multinuclear compds., 424. 


Murexide test, 298. 
Mustard gas, 225; olls, 222, 
Mutarotation, 274. 


Mycoderma aceti, 150. 
Myricyl palmitate, 173. 
Myricyl ester of cerotic acid, 175. 


Naphtha, solvent, 319; wood, 84. 

Naphthalene, 318, 432. 

Naphthalene dichloride, 436; tetra- 
chloride, 436. 

Napbhthalic acid, 441. 

Naphthaquinone, 440. 

Naphthenes, 52, 63. 

Naphthenic acids, 312. 

Naphthionic acid, 439. 

Naphthoic acids, 441. 

Naphthol, a-, 439, B-, 440. 

Napophthols, 439. 

Naphthol yellow, 440. 

Naphthylamines, 433, 438. 

Naphthylamine sulphonic acids, 439. 

B-Naphthyl ethyl ether, 440. 

Narcotine, 468. 

Narcylene, 69. 

Natalite, 121. 

Neopentane, 49. 

Neoprene, 63, 69. 

Neradol ND, 439. 

Neral, 478. 

Nerol. 478. 

Nerolin, 440. 

Nicotine, 470. 

Nicotinic acid, 459. 

Nvnhydrin reaction, 306. 

Nitranilines,. 358. 

Nitriles (see cvanides). 

Nitro-acetanilide. 0- & P-. 358. 

Nitrobenzene, 315, 321, 345-6. 

Nitro-compds.. aromatic, 345. 

Nitroethane, 74, 174. 

Nitrogen bases, 467. 

Nitrogen, detection of, 12; estimation 
of,. 16. 

Nitroselycerine. 116. 

Nitrolic acid, 96. 

Nitromethane. 174. 

Nitronaphthalenes. 437. 

Nitro-paraffins, 173. 

Nitrophenol, 0-, 346; m-, 389. 

Nitrosoamines, 207. 

Nitroso-benzene, 347. 

Nitroso-dimethylaniline, 363. 

«- Nitroso-B-naphthal, 440. 

m-Nitrotoluene, 349-50. 

Nobel's oil (see dynamite). 

Non-polar bond, 33. 

Novocaine, 473. 

Neucleoproteins, 303. 

Nylon, 305. 


Octahydro-anthracene, 445. 

Octane, 46. 

Oil of, aniseed, 388; cassia, 422; 
cinnamon, 422; cloves, 405; mir- 
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bane, 347; pears, 90; thyme, 393; 
EE 417. 
il-clotn, 176. { 
OE HEE 176; essential, 175. 
Os’ & tats, 175; hydrolysis of, 177. 
Olefiant gas, 56. 
Oletines, 36, 61. 
Oleic acid, 238. 
Ohive oil, 238. 
OEE compds., 39. 
Opium, 476. [ K 
Obtical activity, 191; isomerism, 191. 
Orange II, as: 
inol, 394. ্‌ 1 
OEE compds., classification of, 38, 
309. 


Organo-metallic compds., 229. 
OSD 272,275, 279. 
Osone, 281. 

Oxal-acetic acid, 254. 

‘Oxalic acid,110, 188, 239. 
“'Oxalyl chloride, 240; urea, 296. 
‘Oxamic acid, 241. 

Oxamide, 214, 241. 
Oxanthrone, 447. 


‘Oximes, of aldehydes, 129; of ketones, 
139; 


‘Oxindole, 464, 

‘Oxygen, detection of, 
of, 

‘Ozonide, 59, 321. 


PAS, 418. 
Palmitic acid, 155, 157; 
apaverine, 468. 
Paper, 293. 
Para-anthracene, 443, 
Parabanic acid, 296. 
Aracyanogen, 213. 
Paraflin, liquid, 52. 
Para M-Wax, 51, 53. 
araflins, 41; 46; isomerism of, 46. 
Paraform, 130. 
Baraformaldehyde, 130. 
aralactic acid, 195. 
Paraldehyde, 131. 
artial valency, theo. 
Pararosaniline, 428. EAE 
'archment paper, 293. 
Paris green, 151. 
Pentacetyl Elucose, 276. 
Pentamethylene, 312. 
Pentanes, 39, 45, 46. 
Pepsin, 307. 
Peptides, 303. 
‘Peptones, 303. 
Peracetic acid, 127, 152. 
erbenzoic acid, 402. 
Perchloronaphthalene. 437. 
Perhydro-anthracene, 445. 
Perhin’s Teaction, 403. 
Peri-position, 435. 
Petrol, 53. 


12; estimation 
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Petroleum, 50. 

Petrochemicals, 55. 

Pharaoh's serpent, 221. 

Phenacetin, 390. 
Phenanthraquinone, 450. 
Phenanthrene, 449. 

Phenates, 384. 

Z-Phenetidine, 388. 

LESS a 388. 

Phenol, 386. 

Phenol ester, 383; ethers, 383, 388. 
Phenolic acids, 416. 
Phenolphthalein, 430. 

Phenols, 382. 

Phenolsulphonic acid, 384, 390. 
Phenyl acetate, 384; benzoate, 

415; bromide, 341; iodide, 

isocyanide, 76; sulphide, 368. 
Phenylbutylene, 434. 
Phenylchloroform, 343. 

Phenyl ethyl ether, 367, 388. 
Phenylacetamide, 357. 
Phenylacetic acid, 421. 
B-Phenylacrylic acid, 421. 
Phenylalanine, 186. 
Phenylamine, 352. 

Phenyle, 392. 

enylene diamines, 0-, M-, p-, 359, 

B-Phenylethyl alcohol, 400. 
Phenylethylene, 422. 

'heny] Elucosazone, 276. 
Phenylhydrazine, 369. 
Phenylhydrazones, 129. 

Phenyl hydrosulphide (see thiopheno]). 
Pheny hydroxyalmine, 347. 
Phenyl magnesium bromide, 383. 


Phenyl mercaptan, 380; methyl ether," 
383, 388. ন 


Phenylmethane, 327. 
henylmethy] carbinol, 398. 
henylmethy] ketone, 405. 

EnylInitromethane, 348. 
-Phenylpropionic acid, 421. 

»-Phenylpropy! alcohol, 400. 

heny] Salicylate, 418. 


enyltrimethyl Ammon. 
loroglucinol, 396. 


383, 
341; 


iodide, 355. 


Phthalic acids, 333, 419. 
Phthalimide, 420. 
Phytostero], 177. 


icolines, 458. 
icolinic acid, 459. 
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Picrates, 391; of amines, 20% 

Picric acid, 390. 

Picryl chloride, 391. 

Pimelic acid, 239. 

Pinacolone, 137. 

Pinacone, pinacol, 137. 

Pinene, 334, 480. 

Piperic acid, 470. 

Piperidine, 458. 

Piperine, 470. 

Piperonylic acid, 470. 

Piria and Schiff's method, 20. 

Pitch, 318. 

Plasmoquine, 462, 474. 

Polarimeter, 192. 

Polybasic acids, 242, 252. 

Polyhydric alcohols, 108. 

Polymer, 68. 

Polymerisation, 68, 131, 139. 

Polymethylenes, 63, 309. 

Polypeptides, 307. 

Polysaccharides, 272, 288. 

Pot. benzoate, 399; carbazole, 443; 
cyanide, 216; diazotate, 368. 

Pot. nitroethane, 174. 

Pot. phenate, 380. 

Pot. pseudo-urate, 298. 

Pot. pyrrole, 455. 

Pot. thiocyanate, 221. 

Power alcohol, 91. 

Primary, alcohols, 83, 95, 230; amines, 
203, 205. 

Prism formula for benzene, 323. 

Procions, 378. 

‘Prolamines or gliadins, 303. 

Propargyl, 69. 

Proof-spirit, 91. 

Propane, 45, 46, 229, 230. 

Propionaldehyde, 134. 

Propionic acid, 137, 153, 157, 237, 244. 

Propyl alcohols, 97; acetate, 169; 
bromide, 75; chloride, 75; iodide, 75. 

Propylene, 61, 115; dichloride, 115. 

Protamines, 302. 8 

Proteins, 301; simple, 302; conjugated, 
302, 303. 

Proteans, 303. £ 

Proteoses, টু 

Protocatechuic acid, 418. 

Prussic acid, 214. Pp | 

Pseudo acids, 175; nitrol, 96; uric 


acid, 29 


.Ptyalin, 286. 


Purine, 296. 
Purpurin, ly 
Pyrazole, derivative of 199; 


P , 80. 2 
PYridine, 318, 456; carboxylic acid, 459. 


Pyridine alkaloids, 468 
Pyrocatechol, 393. 


Pyromucic acid, 
Pyrogallic acid, 395. 


. Pyrogallol, 395. 


Pyroligneous acid, 85, 149. 

Bonen acid, 195. 

yrrole, 245, 455, derivative 
red, 456. Ye OO 

Pyrolidine, 456. 

Pyroxyline, 292. 

Pyrroline, 456. 

Pyruvic acid, 189, 195. 

Quantitative elementary analysis, 14. 

Quaternary ammon. compds., 208; 
hydroxide, 209; arsonium compds., 
227; phosphonium compds., 226. 

Quick vinegar process, 150. 
Quinaldine, 262. 

Quinhydrone, 395. 

Quinic acid, 407. 

Quinine, 473; hydrochloride, 474; 
sulphate, 474; tannate, 474. 
Quininic acid, 474. 

Quinol, 394. 

Quinoline, 460. 

Quinoline alkaloids, 473. 

Quinolinic acid, 460. 

Quinone, 250. 407. 

Quinones, 407. 

Quinonoid structure, 407. 

Quinoxaline, 360. 


Racemic acid, 256; compds., 258. 
Racemisation, 260. 

Radicals, 48. 

Raffinose, 272. 

Paschig method, 386. 

Rast’'s method, 27. 

Rayon, 293. 

Rectified spirit, 89. 
Peichert-meissl value, 176. 
Reimer-Tiemann reaction, 404. 
Resolution of racemic compds., 258. 
Resonance, 106, 324. 
Resorcin yellow, 376. 
Resorcinol, 394. 

Rexine, 292. 

Ricinoleic acid, 238. 

Ring compds., 39, 309. 
Robertson’s method, 20. 
Rochelle salt, 258. 

Rock-oil, 50. 

Rosaniline, 428. 

Rosolic acid, para-, 429. 
Rotatory power, specific, 193. 
Rubber, synthetic, 63. 
Ruberythric acid, 447. 

Rum, 90. 


Sabatier's method, 42. 

Saccharic acid, 275. 

Saccharin, 288, 415. 

Saccharose, 282. 

Sachse’s models, 312. 

Salicin, 404. 

Salicylaldehyde, 404. 

Salicylic acid, 417; esters of, 418. 
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Saligenin, 404. 

Salol, 418. 

Saloquinine, 474. 

Salt of sorrel, 241. 

Salvarsan, 356. 

Sandmeyer’s reaction, 367. 

Sand-sugar, 287. 

Saponification, 112, 156, 176; value, 
176. 


Sarco-lactic acid, 195. ee 
Saturated compds., 40; dibasic 
239;. hydrocarbons, 41, 230. 
Schijf's base, 355, 404; reagent, 130. 

Schotten-Baumann reaction, 413. 

Schweitzer’s reagent, 292. 

Schweinfurter green, 151. 

Scleroproteins, 303. 

‘Secondary alcohols, 83, 95, 128, 231; 
amines, 206; aromatic amines, 360; 
butyl alcohol, 97; paraffin Eroup, 48. 


Secondary Propyl alcohol, 97. 
Selivanoff’s test, 281. 


Semicarbazide, 270. 
Semicarbazones, 129, 139. 
Semidine Conversion, 373. 
Semi-drying oils, 176. 
Semi-polar bond, 37. 

Serine, 185. 

Shale oil, 54. 

Silk, artificial, 293. 

Silver acetylide, 67. 

Simple ethers, 118; Ketones, 135. 


acids, 


Skatole, 463. 
Shraup’s synthesis, 460. 
‘Soap, 177; hard, 177; soft, 177; 


Varieties of, 178. 
0dio-malonic ester, 242, 

Sodium alcoholate, 92. 

Sodium alizarate, 448. 

Sodium cyanide, 216. 

Sodium benzoxide, 399; ethoxide, oe 
Elycollate, 188; methoxide, 86. 
Odium acetate, 130, 

3 Oxalate, 148; propionate, 


149; fe by 
147, 148 ee 

156. 
‘Sodium Phenate, 384, 417 

: Succinate, 454. 

Soluble starch, 289. 
‘Solvent naphtha, 319. 
Sorbitol, 275, 277, 299. 
Sovprene, 63. 
Specific rotation, 193. 
Spermaceti, 155, 175. 
‘Spirit blue, 428. 
Spirit, methylated, 91; rectified, 89, 
Spirit of, nitre, 173; wine, 87. 
Starch, 131, 271, 288; soluble, 289. 
Steam distillation, 8. 
Stearic acid, 157, 238. 
Stereoisomerism, 191, 
Stereoisomerism of, 

lactic acids, 194; m: 


3 Salicylate 


Llucose, 227; 
alic acid, 253; 
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maleic and fumaric 
tartaric acids, 257. 

Steric hindrance, 415. 

Styrene, 421. 

Stilbene, 425 

Strain theory, 60. 

Strainless rings, 312. 

Structural formula, 47. 

Strychnine, 474. 

Sublimation, 5. y 

Substituted benzoic acids, 414; esters 
of, 415. - 

Succinamide, 245. 

Succinic acid, 244. Y 

Succinic anhydride, 245. 

Succindialdehyde, 452. 

Succinimide, 245. 

Sucramine, 416. 

Sucrose, 282. 

Sugar of lead, 151. 

Sugars, 271. 

Sulphanilamide, 356. 

Sulphanilic acid, 356, 357. 

Sulphides, alkyl, 224. 

Sulphinic acid, 381. 

Sulphobenzoic acid, 416, 

¢-Sulphobenzoimide' 415. 

Sulphonal, 224, 
ulphonation, 379. 

SulPhones, 225, 379. 
U Phonic acids, aromatii 

Sulphoxides, 535. hl 

Sulphovinic acid, 172. 

Sulphur compds., 223; dyes, 378. 

Sulphur, detection of, 


acids, 249; 


3; esti i 
of, 206. Stimation 
Sulphuric ether, 121. 

Sweet, spirit of nitre, 173; water, 113. 
Syntan, 392. 

Synthetic motor fuel, 54. 

Synthetic fats, 177; rubber, 63; 


starch, 290. 


Tannins, tannic acid, 418. 

Itar emetic, 258. 

al ) acids) 254; isomerism of, 
Tartaric anhydride, 225, 
Tartronic acid, 114, 255. 

aAutomerism, 198. 
Terpenes, 477. 

crpincol, 480. 
Terpin, 480. 
Terephthalic acid, 333. 
Tertiary alcohols, 84, 96, 231; amines, 


207; butyl alcohol’ 84, 97, 231. 
Tetracholoethane, 45. 


Tetrachloroquinone, 


TitacthyIphosphonium hydroxide, 226. 


ctrafluorocthylene, 81 
Tetrahydronaphthalene, 435. 
Tetraiodocthylene, 81. 


INDEX 


Tetraphenylmethane, 426. 

‘Tetralin, 435. 

Tetramethyl ammonium 
hydroxide, 209. 

Tetramethylene, 63, 312; dicarboxylic 
acid, 310. 

Tetronal, 224. 

T gas, 111. 

Theine (see caffeine). 

Theobromine, 299. 

T'hiele’s formula for benzene, 324. 

Thio-alcohols, 223. 

Thio-carbanilide, 355. 

Thiocyanates, alkyl, 221. 

Thiocyanic acid, 220. 

Thio-esters, 224; ethers, 224. 

Thio-formaldehyde, 222. 

Thiokol, 60, 77. 

Thiophene, 319. 

"Thio-phenol, 368, 381; toluene, 
urea, 270. 

Thymol, 393. 

‘Tishchenko reaction, 132. 

"LNT, 980. 

Tolu balsam, 327. 

Toluene, 327. 

Toluic acids, 416. 

Toluidines, 359. 

Toluol, 327. 

"Tolyl chlorides. 341. 

Trans-form, 250. 

Tribromo-aniline, 355. 

Tribromo-phenol, 385. 

Tricarballyic acid, 261. 

Trichloro-acealdehyde, 134. 

Trichloro-acetic acid, 134. 151, 182. 

Trichloro-acetone, 138, 139. 

Trichloro-aniline, 359. 

Trichlorobenzene, 320. 

Trichloro-methane, 77. 

Triethylamine, 208. 

Trihalogen derivatives of the paraffins, 


iodide, 207; 


328; 


TL 
Trihydric, alcohols, 112; phenols, 395. 
Trihydroxy-anthraquinone, 450. 
Trihydroxy-benzenes, 395. 
Trihydroxy-benzoic acid, 418. 
Trimesic acid, 334. 
Trimethylamine, 207-8, 215. 
Trimethyl arsine, 227. 
Trimethylbenzene, 334. 
‘Trimethyl] carbinol, 138. 
Trimethylene. 312. 
Trimethylphosphine, 226. 
Trimethyl phosphonium oxide, 226. 
Trimethylxanthine, 299. 
Trinitrobenzene, 349. 
Trinitrophenol, picric acid, 390. 
Trinitrotoluene, 350. 
Trional, 224. 
Trioxymethylene, 131. 
Triphenylamine, 362. 
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Triphenylmethane, 425; dyes 426. 
Triphenylmethyl, 426. 
Trisaccharides, 272. 

Tropic acid, 472. 

Tropine, 472. 

Trotyl, 350. 

Trypsin, 307. 

Tryptophan, 186. 

Turkey Red, 449; oil, 176. 
Vwitchell's reagent, 177. 
Tyrosine, 185. 


Ullmann reaction, 424. 

Undecane, 46. 

Unsaturated acids, 236, 243; alcohols, 
234; aldehydes, 236; dibasic acids, 
248; hydrocarbons, 56. 

Uramil, 298. 


Uranine, 430. AE em 


+ 265. 

Urease, 267, 269. 
Urea nitrate, 266; 
stibamine, 268. 

Ureides, 296. 
Ureometer, 268. 
Urethane, 265. প 
Uric acid, 297. 

Urotropine, 128. 

Uvitic acid, 334. 


Vacuum distillation, 7. 

Valency of carbon, 38. 

Valency, electronic theory of, 33. 

Valeric acid, 155, 157. 

Vanaspati, 176. 

Valine, 185. 

Vanillin, 405. 

Vapour density, 23-25. 

Vat dyes, 377. 

Vegetable bases, 467; oils, 175. 

Verdigris, 151. 

Veronal, 267. 

Vicianose, 282. 

Victoria orange, 392. 

Victor Meyer's apparatus, 23. 

Vinegar, quick process, 150. 

Vinyl acetate, 68; acetylene, 63; 
alcohol, 234; bromide, 66, 67, 81; 
chloride, 81. A. 

Vioform, 462 

Violuric acid, 298. 

Viscose, 294. 

Vulcanisation of rubber, 63. 


Walden inversion, 253. 
Wax, paraffin, 51. 

Waxes, 175. 

Westron, 67. 

Westrosol, 67. 

Whisky, 90. 

White oil, 52; spirit, 52. 
Williamson's Synthesis, 120. 
Wine, 90; spirit of, 87. 
Wohler’s method, 265. 


oxalate, ‘266; 
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Wood-gas, 85; naphtha, 85; spirit, Xylose, 272. 


Wert $ Yeast, 87; cells, 88. 
Wurtz reaction, 73. i og 
Waurtz-/ittig reaction, 327. Zeisel’s method, 389. 
Zinc alkyl compds., 229. 
Xanthine, 298. Zinc-copper couple, 42. 
Xantho-proteic reaction, 306. Zinc digthyl, 74; ethoxide, 229; ethyl, 
m-Xylene, 327, 332. 229; methyl, 229. 
Xylenes, 327, 332. Zinc ethyl iodide, 229. 
Xylidine, 362. Zwitter-ion, 184. 
Xylols (see Xylenes). Zymase, 88. 
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